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1.0 INTRODUCTION 

The emissions from the ASARCO smelter in East Helena, Montana, 
had never been evaluated as to compliance with the state of Montana's 
State Implementation Plan as promulgated in the Federal Register 
at 40 FR 10877, May 31, 1972. It was important that this be done, 
and Pacific Environmental Services (PES) was assigned this project 
under contract 68-01-4140, Task number 60. The testing and analyses 
were carried out by a sub-contractor. Certified Testing Laborator­
ies (CTL) of South Gate, California, with some additional manpower 
supplied from PES. 

The ASARCO plant is a custom smelter serving numerous small 
mining operations and handling a variety of ores. The plant pro­
cesses an average of 300,000 tons of material per year, producing 
lead, copper, gold, silver, and zinc. A schematic (from ASARCO) 
of the major plant components is shown in Figure 1-1. The sampling 
locations are identifiable on the figure as follows: 

1. Sinter plant main stack flue 

2. Flue to the zinc fuming plant stack 

3. Blast furnace baghouse; three stacks 

There was also a tentative plan to sample the kettle ventilation 
baghouse stack, not shown on the figure, but this was not carried out. 

The sinter plant main stack was readily accessible from existing 

platforms and was already ported for sampling. The flue to the zinc stack 

required additional ports for a vertical traverse, which were put in 
by ASARCO. Access to this stack (a large horizontal stack) required 
erection of scaffolding, which was done while the main stack was 
being sampled. 

The blast furnace baghouse stacks are square wooden stacks about 
eleven feet across, connecting at right angles with the interior of 
the building just at the three gables on one end. The sample ports, 
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Figure 1-1. A Schematic of Major Plant Components 
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therefore, had to be a minimum of 22 feet above the right angle. 
Since the roof top was roughly 80 feet off the ground, it was only 
practical to sample from the roof side of the stacks. ASARCO 
constructed three wooden pads across the roof peaks next to the 
stacks, to serve as the support for scaffolding needed to reach the 
sampling location 22 feet higher. The scaffolding was hoisted up 
with a davit to walkways just below the roof and manhandled the 
rest of the way to the pads. This scaffolding was also erected 
while the main stack was tested. The pad at baghouse stack number 
one was slightly under size, so that two 5' x 7' scaffolds did 
not f i t crosswise, as intended. Instead, a single scaffold was 
placed lengthwise. (By oversight, the task manager was not informed 
of the undersized pad in time to have i t altered. The single scaffold 
made the two sample ports outboard of the scaffold difficult of 
access.) All scaffolds were strapped securely to the stacks. 

1-3 



0030203 

2.0 SAMPLING AND ANALYSES 

2.1 SAMPLING 

Sampling work began on October 18, 1979 and was continued 
through to October 27 without breaks. The main stack and the zinc 
stack were each tested three times, requiring two days each. The 
plan was to sample the three baghouse stacks simultaneously with 
three trains, to which end two additional 11 foot probes had been 
acquired (to reach across the stack from one side). One balky 
sampling train delayed actual testing to the point where, with 
concurrence of the EPA observers, the stacks were instead tested 
three times each, in pairs. Test procedures are described in the 
Appendix. 

2.2 ANALYSES 

Filter samples were returned to CTL for reweighing, extraction, 
and analysis by atomic absorption spectroscopy for lead, arsenic, 
and cadmium. The analytical procedures are described in the 
Appendix. The impinger catches and probe washes were combined for 
determination of dry residue weights and the same three metals. The 
lead and cadmium were run by standard flame atomic absorption 
methods, the arsenic after generation of the hydride (arsine). Each 
extract was run in triplicate. Each of the three determinations 
was made by a different technician with his own reference standards. 
One of the three also ran standard additions to all samples to 
demonstrate lack of matrix effects. All lab determinations were averaged. 

2.3 SAMPLE CUSTODY 

All samples (filters, washings, impinger catches) from point 
of collection were kept in the custody of the testing sub-contractor 
and brought back by him to his laboratory for analysis. 
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After sample extraction and analyses, the residues were stored and 
at this date remain in his custody (Certified Testing Laboratories, 
South Gate, California). According to prior ASARCO-EPA agreement, 
and upon verbal approval from Mike Davenport of the EPA office in 
Helena, portions of these extracts were sent to ASARCO. 

2-2 
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3.0 SUMMARY OF RESULTS 

A l l sampling rates were within the acceptable range for percent 

isokinet ic (actual range 93-101%). A summary of results is given 

in Table 3-1, followed by a more detailed tabulation of data and 

calculated values in Table 3-2. (Copies of the f i e ld work sheets are 

in the Appendix.) 

Total particulates combined on the f i l t e r and in combined 

impinger and washings in three runs were: main stack - 0.0491 to 

0.0626 gr/DSCF; f lue to the zinc stack - 0.0116 to 0.0137 gr/DSCF; and 

baghouse stacks - 0.00693 to 0.0170 gr/DSCF. The major part of the 

to ta l , except in a few baghouse samples, was in the impingers and 

washings. 

The lead emissions in kg/day were: main stack - 32.0 to 49.6; 

flue to the zinc stack - 4.98 to 16.5; baghouse stacks - 6.65 to 12.9. 

Cadmium emissions in kg/day were: main stack - 0.667 to 0.789; flue to 

the zinc stack - 0.098 to 0.341; baghouse stacks - 1.13 to 3.52. 

Arsenic emissions in kg/day were: main stack - 28.2 to 49.1; flue to 

the zinc stack - 2.28 to 8.03; baghouse stacks - 0.831 to 2.66. Thus 

lead emissions were highest in the main stack and fa i r l y s imi lar in the 

flue to the zinc and baghouse stacks. Cadmium was highest in baghouse 

stacks and lowest in the flue to the zinc stacks. Main stack arsenic 

emissions were about as high as those of lead. 
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Table 3-1. SUMMARY OF TEST RESULTS 

Location Run 
Sample 
Volume 
DSCF 

Particulate Concentration gr/DSCF Mass Emission Rate kg/day 

Location Run 
Sample 
Volume 
DSCF 

Filter Impinger 
S Washes 

Total Lead Cadmium Arsenic 

Main Stack 
1 65.2 0.00679 0.0423 0.0491 33.2 0.741 28.2 
2 46.4 0.00910 0.0535 0.0626 49.6 0.789 49.1 
3 44.1 0.00738 0.0536 0.0609 32.0 0.667 48.8 

Flue to 
Zinc stack 1 41.2 0.00232 0.00986 0.0122 16.5 0.271 3.87 

2 44.1 0.00165 0.0121 0.0137 5.45 0.098 2.28 
3 43.7 0.00170 0.00989 0.0116 4.98 0.341 8.03 

Baghouse Stack 
#1 3 83.7 0.00354 0.00706 0.0106 9.06 2.80 1.00 

4 74.7 0.00391 0.00922 0.0131 9.13 2.44 2.14 
5 87.6 0.00267 0.00569 0.00836 7.14 3.52 1.71 

Baghouse Stack 
#2 1* 76.5 0.00508 0.00801 0.0131 12.9 3.46 0.831 

2 76.6 0.00431 0.00417 0.00848 10.8 1.72 1.74 
3 77.3 0.00469 0.00521 0.00990 8.05 2.30 1.07 
4 83.2 0.00549 0.0105 0.0160 10.6 3.18 2.66 

Baghouse Stack 
#3 1 65.2 0.00436 0.0126 0.0170 10.8 2.52 1.58 

2 67.3 0.00346 0.00489 0.00835 7.46 1.13 1.52 
5 72.8 0.00318 0.00375 0.00693 6.65 3.17 1.00 

* Run not valid due to leak from broken glass filter. 
(Break occurred after end of run) 
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Table 3-2. TEST DATA SUMMARY 

CTL - ENVIRONMENTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA, 90280 

Report to: 

CO 
I 

Pacific Environmental Services 
2716 Oceanpark Blvd., Suite 3010 

Source Test Work 
ASARCO Smelter 

Santa Monica, California 30^05 Helena, Montana 

LOCATION RUN i 1 and DATE METERED VOLUME BAROMETRIC AVERAGE AVERAGE METER VOLUME GAS SAMPLED AT 
PRESSURE AH METER CORRECTION STANDARD CONDITIONS 

(Inches Hg) (Inches H2O) TEMP.OF FACTOR 6B°F 29.92 Inches Hg (Inches H2O) 
(cubic feet) 

Main Stack 1 9/21/79 74.3 26.0 2.5 69.0 1.00 65.2 
2 9/21/79 54.4 26.0 2.5 81).6 1.00 46.4 
3 9/21/79 53.4 26.0 2.3 103 1.00 44.1 

Flue to 1 9-22-79 49.V 25.9 0.98 89.0 1.00 41.2 
Zinc Stack 2 9-23-79 49.6 26.0 1.08 60.8 1.00 44.1 

3 9-23-79 50.5 26.0 1.13 73.8 1.00 43.7 

Bag House 
Stack #1 3 9-28-79 98.6 25.9 3.80 82.It 0.996 83.7 

4 9-28-79 89.4 25.9 3.09 90.8 0.996 74.7 
5 9-29-79 104.4 26.1 3.98 92.It 0.996 87.6 

Bag House 
Stack n 1 9-26-79 89.0 25.9 3.06 79.1 1.00 176.5 

2 9-27-79 90.7 26.0 3.05 90.1 1.00 76.6 

J 9-28-79 88.2 25.9 3.07 68.1 1.00 77.3 
k 9-28-79 99.6 25.9 3.63 96.0 1.00 83.2 

Bag House 
Stack »3 1 9-26-79 77.3 25.9 2.35 SI*.2 0.996 65.2 

2 9-27-79 80.4 26.0 2.'l2 90.0 0.996 67.3 
5 9-29-79 83.3 26.1 2.70 72.9 0.996 72.8 

*Run not valId due to leak from broken glass f i l t e r . 
(Break occurred after end of run) 

o 
o 
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Table 3-2. TEST DATA SUMMARY (CONTINUED) 

Pacific Environmental Services 
Page #2 
ASARCO July, 1979 

CTL - ENVIRONMENTAL SERVICES 

m 
II 

LOCATION RUN It AND DATE WEIGHT WATER 
COLLECTED 
grams 

% WATER PITOT TUBE 
CORRECTION 
FACTOR Cp 

AVG./ AP 

Inches Ĥ O 

AVG, STACK 
TEMPERATURE 

OF 

STACK 
PRESSURE 
Inches Hg 

DRY MOLECULAR 
WEIGHT 
STACK GAS 

STACK VELOCITY 

Ft./Sec. 

Main Stack 1 9-21-79 23.5 1.7 0.819 0.895 171 25.5 29.1 58.0 
2 9-21-79 31.l* 3.1 0.819 0.891 176 25.5 29.1 58.1 
3 9-21-79 't2.2 4.3 0.819 0.856 182 25.5 29,1 56.2 

Flue to 
38.1 Zinc Stack 1 9-22-79 2't.3 2.7 0.833 0.556 224 25.9 28.9 38.1 

2 9-23-79 12.0 1.3 0.833 0.579 211 25.9 28.9 39.1 
3 9-23-79 18.0 1.9 0.833 0.585 224 25.9 28.9 39.9 

Bag House 
r k 1 j j 1 3 9-28-79 30.8 1.7 0.819 0.247 167 25.9 28.9 15.9 
Stack r l it 9-28-79 26.2 1.6 0.819 0.221 178 25.9 28.9 14.3 

5 9-29-79 32.4 1.7 0.819 0.256 162 26.1 28.9 16.3 

Bag House 1 *9-26-79 29.6 1.8 0.839 0.219 160 25.9 28.9 14.3 
s i a c K ff^ 2 9-27-79 31.2 1.9 0.839 0.217 158 26.0 28.9 14.1 

3 9-28-79 25,5 1.5 0.839 0.217 149 25.9 28.9 14.0 
9-28-79 30.1 1.7 0.839 0.240 160 25.9 28.9 15.7 

Bag House 1 9-26-79 27.6 2.0 0.819 0.197 176 25.9 28.9 12.8 
Stack #3 2 9-27-79 28.2 1.9 0,819 0.197 168 26.0 28.9 12.6 

5 9-29-79 30.5 1.9 0.839 0.204 140 25.1 28.9 13.1 

*Run not valid due to leak from broken glass f i l t e r , 
(Break occurred after end of run) 

O 
CD 
t o 
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Pacific Environmental Services 

Table 3-2. TEST DATA SUMMARY (CONTINUED) 

CTL - ENVIRONMENTAL SERVICES 

Ui 
I' •to 

*Run not valid due to leak from broken glass f i l t e r . 
(Break occurred after end of run) 

Page #3 
ASARCO July, 1979 

LOCATION RUN # AND DATE NOZZLE 
DIAMETER 
Inches 

SAMPLING 
TIME 

Minutes 

% ISOKINETIC FILTER WEIGHT 
GAIN 
mg 

PROBE WASH 
AND IMPINGER 
CATCH 

mg 

PROBE WASH 
AND IMPINGER 
CATCH VOLUME 

ml 

Main Stack 1 
2 
3 

9-21-79 
9-21-79 
9-21-79 

0.250 
0.250 
0.250 

84 
60 
60 

93.1 
95.1 
95.3 

28,7 
27,4 
21.1 

179. 
161. 
153. 

649 
632 
500 

Flue to 
Zinc stack 1 

2 
3 

9-22-79 
9-23-79 
9-23-79 

0.253 
0.253 
0,253 

84 
84 
84 

94.7 
95.1 
94.8 

6,2 
4,7 
4.8 

26.3 
34.4 
28.0 

648 
718 
550 

Bag House 
Stack #1 3 

4 
5 

9-28-79 
9-28-79 
9-28-79 

0,485 
0,485 
0,485 

96 
96 
96 

99.6 
100. 
99.8 

19.2 
18.9 
15.2 

38.3 
44.6 
32,3 

727 

Wt 

Bag House 
Stack #2 1 

2 
3 
4 

*9-26-79 
9-27-79 
9-28-79 
9-28-79 

0,489 
0.489 
0.489 
0.485 

96 
96 
96 
96 

9i. i 
99.1 
99.1 
97.4 

25.2 
21.4 
23.5 
29.6 

39.7 
20,7 
26.1 
56.8 

m 
m 
SSI 

Bag House 
Stack #3 

1 
2 
5 

9-26-79 
9-27-79 
9-29-79 

0.485 
0.485 
0.489 

96 
96 
96 

98.2 
101. 
98.4 

18.4 
15.1 
15.0 

53.4 
21.3 
17.7 

535 
111 
52* 

o 
o 
CO 
o 
ro 
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Table 3-2. TEST DATA SUMMARY (CONTINUED) 

Pacific Environmental Services 
Page #4 
ASARCO July, 1979 

CTL - ENVIRONMENTAL SERVICES 

LOCATION 

CO 
I 

RUN # AND DATE TOTAL WEIGHT 
LEAD COLLECTED 

mg 

TOTAL WEIGHT 
CADMIUM COLLECTED 

TOTAL WEIGHT 
ARSENIC COLLECTED 

1 2 3 AVG 1 2 3 AVG 1 2 3 AVG 

Main Stack 1 9- 21- •79 11.0 10,8 10.5 10. 8 0,239 0,241 0.244 0.241 9.11 9.58 8.82 9.17 
2 9- 21- •79 11.8 11,2 11.5 11. 5 0,183 0,180 0.185 0.183 11.6 11.6 10.9 11.4 

Flue to 
Zinc Stack 

3 9- 21- •79 7.58 7.30 7.15 7. 34 0.153 0,151 0.155 0.153 11.3 10.7 11,5 11.2 

Flue to 
Zinc Stack 1 9- 22- •79 3.18 3.08 3.10 3. 12 0.051 0,050 0.052 0.051 0.75 0.75 0.70 0.73 
Flue to 
Zinc Stack 

2 9- 23- •79 1.06 1.05 1.03 1. 05 0.019 0,020 0.017 0.019 0.47 0.41 0,45 0.44 
3 9- 23- •79 0.96 0.93 0.97 0, 95 0.063 0,066 0.065 0.065 1.55 1.47 1.58 1.53 

Bag House 
Stack «^ 3 9- 28-•79 6.15 5.80 6.02 5. 99 1.82 1.85 1.88 1.85 0.66 0.59 0,73 0.66 

4 9- 28-•79 6.10 6,02 6.07 6, 06 1.63 1.61 1.62 1.62 1.48 1.38 1,40 1.42 
5 9- 29-•79 4,80 4,70 4.70 4, 73 2.33 2.30 2.35 2.33 1.12 1.10 1.17 1.13 

Bag House 
Stack #2 1 9- 26-•79 8,73 8,40 8.48 8. 54 2.29 2.30 2.28 2.29 0.57 0.54 0,54 0.55 

2 9- 27-•79 7.33 7,10 7.30 7. 24 1.14 1.20 1.11 1.15 1.23 1.06 1.18 1.16 
3 9- 28-•79 5.38 5.40 5.41 5. 40 1.54 1.55 1.53 1,54 0.72 0.77 0.68 0.72 
4 9- 28-•79 7,03 6.80 7.00 6. 94 2,09 2,11 2.07 2.09 1.80 1.68 1,76 1.75 

Bag House 
Stack #3 1 9- 26 •79 7,10 6.83 7.11 7. 01 1,61 1,64 1.66 1.64 1.12 0.98 1.00 1.03 

2 9- 27 •79 5,00 5.01 4,90 4. 97 0.74 0.76 0.75 0.75 1.04 1.04 0.95 1.01 
5 9-•29 -79 4,08 4.72 4.44 4. 41 2.08 2.10 2.11 2.10 0.62 0.69 0.67 0,66 

*Run not valid due to leak from broken glass f i l t e r . 
(Break occurred after end of run) 
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Paci f ic Environmental Services 
Page #5 
ASARCO Ju ly , 1979 

Table 3-2. TEST DATA SUMMARY (CONCLUDED) 

LOCATION 

Main Stack 

Flue to 
Zinc stack 

RUN AND DATE 

1 9-21-79 
2 9-21-79 
3 9-21-79 

1 9-22-79 
2 9-23-79 
3 9-23-79 

GAS VOLUME AT 
STACK CONDITIONS 
Dry Cubic Feet 

91.5 
65.6 
62.9 

61.6 
64.7 
65.4 

STACK AREA 
Square Feet 

56. 
56, 
56. 

99. 
99. 
99. 

LEAD 
MASS EMISSION 

RATE 
grams/day 

33200 
49600 
32000 

16500 
5450 
4980 

CADMIUM 
MASS EMISSION 

RATE 
grams/day 

741 
789 
667 

271 
98 
341 

ARSENIC 
MASS EMISSION 

RATE 
grams/day 

28200 
49100 
48800 

3870 
2290 
8030 

Bag House 
Stack #1 9-28-79 

9-28-79 
9-29-79 

115 
104 
118 

127 
J27 
127 

9060 
9130 
7140 

2800 
2440 
3520 

998 
2140 
1710 

Bag House 
Stack #2 

CO 
I 

*9-26-79 
9-27-79 
9-28-79 
9-28-79 

104 
103 
103 
113 

127 
T27 
127 
127 

12900 
10900 
8050 

10600 

3460 
1720 
2230 
3180 

831 
1740 
1070 
2660 

Bag House 
Stack #3 1 9-26-79 

2 9-27-79 
5 9-29-79 

90.6 
92.1 
94.9 

127 
127 
127 

10800 
7460 
6650 

2520 
1130 
3170 

1590 
1520 
996 

•Run not valid due to leak from broken glass filter, 
(Break occurred after end of run) 

O 
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APPENDIX 

A. Sampling and Analytical Procedures 
B. Diagram of Particulate Sampling Train 
C. Description of Proposed Variations to EPA Method 5 

(Letter: Salot to Gordon, with attachments) 
D. Approval of Specified Variations to EPA Method 5 

(Letter: Byrne to Gordon, with attachment) 
E. Typical Calculation: Main Stack Run No. 1 
F. Stack Test Data Sheets 

Main Stack 
Zinc Stack 
Baghouse No. 1, Runs 3,4,5 
Baghouse No. 2, Runs 1,2,3,4 
Baghouse No. 3, Runs 1,2,5 

G. Baghouse Stack Sampling Points 

H. Stack Test Equipment Calibration 
Control Unit No. 1 
Control Unit No. 2 

I. Pitot Tube Calibrations 
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APPENDIX A 

SAMPLING AND ANALYTICAL PROCEDURES 
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certified testing laboratories, inc. 

SAMPLING AND ANALYTICAL PROCEDURES 

A l l testing was performed with sampling equipment designed for i s o k i n e t i c 
sampling to f a c i l i t a t e testing by EPA Standard Methods. 

Gas flow rates were calculated using the observed gas temperature, molecular 
weight, pressure and v e l o c i t y head measurements made with an S-type Pitot 
tube and a water manometer using Standard Method 2. 

Moisture content was determined by passing a measured amount of gas through 
c h i l l e d impingers containing a known volume of deionized water, measuring 
the increase in weight of the impingers and of the s i l i c a gel used in the 
f i n a l drying of the gas, and calculating the amount of water vapor in the 
sample from this increase and the measured amount of gas. 

The stack gas concentrations of CO2, oxygen, CO, and nitrogen (by difference) 
were measured with a standard Orsat apparatus. These concentrations and the 
moisture content were used to determine molecular weight of the stack gas. 

Standard Method 5 was used for determining particulate emissions. Measured 
stack gas samples were taken under i s o k i n e t i c conditions. The samples were 
passed through a fiberglass f i l t e r , impingers, pump, a meter and an o r i f i c e 
as shown in the accompanying drawing, "Pa r t i c u l a t e Sampling Train". 

The amount of f i l t e r catch is determined by the difference in the weight of 
the f i l t e r before and aft e r the te s t , after desiccating. The particulate 
matter from other portions of the t r a i n was determined by rinsing the probe 
and a l l glassware ahead of the f i l t e r with 0.1N HNO3, and evaporating to 
dryness along with the impinger catch and weighing. 

The samples were analyzed for the requested elements after digestion, 
according to the EPA method for simultaneous determination of particulate 
and lead emissions. Lead and cadmium were analyzed by standard atomic 
absorption flame techniques, while arsenic was determined using the 
gaseous hydride technique. A l l samples were taken to a f i n a l volume of 
250 ml and suitable aliquots taken for analysis. 

2905 EAST CENTURY BLVD. • SOUTH GATE, CALIF. 90280 • (213) 564-2641 
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APPENDIX B 

DIAGRAM OF PARTICULATE SAMPLING TRAIN 
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APPENDIX C 

DESCRIPTION OF PROPOSED VARIATIONS TO EPA METHOD 5 
(Letter: Salot to Gordon, with attachments) 



certified testing laboratories, inc 

August 9, 1979 

0030218 

RECEIVED AUG 13 197 

Mr. Bob Gordon 
Pacific Environmental Services 
1930 l^tth Street 
Santa Monica, California SOkOk 

Dear Bob: 

Enclosed is the information you required for the stack test at ASARCO. 
Testing w i l l be done in s t r i c t adherance to EPA Method 5, with the following 
possible exceptions: 

1) Our Method 5 equipment is manufactured by Nutech Corporation, Durham, 
N. Carolina, and uti l i z e s a sili c o n 0-ring sealing system. (See enclosed 
drawing, figure 11.) The system has the advantage of not requiring 
si l i c o n grease and produces a very good gas tight seal. Otherwise the 
impinger assembly is completely standard. (See figure 10.) It is my 
understanding from Nutech that the silicon 0-ring configuration is 
currently being used by EPA i t s e l f . 

2) Due to awkward placement of some parts, i t may be necessary to u t i l i z e 
flexible teflon tubing between the probe assembly and the f i l t e r box. 
The teflon tubing is heavy-walled virgin teflon (not heat traced) and 
can be washed with acetone and brushed to retrieve probe washings. 
A 2-foot stainless steel tube is used to interface the teflon tubing 
to the heated f i l t e r box. 

If you need any more information about either of these modifications, do 
not hesitate to contact me. 

Analysis for lead, arsenic and cadmium w i l l be carried out u t i l i z i n g atomic 
absorption techniques. Lead and cadmium w i l l be run either by flame or 
graphite furnace, depending on the concentration levels. Arsenic w i l l be 
run by hydride generation. Detailed methods are included herein. 

Our AA is a Perkin-Elmer, Model A60, and the graphite furnace is a Perkin 
Elmer HGA 2100. 

Filt e r digestion w i l l be carried out u t i l i z i n g dilute n i t r i c acid as 
specified in the Federal Register for Hi-Vol Lead samples. Volume A3, #19'*, 
October 1978. 

Sincerely, 

CERTIFIED TESTING'LABOf(ATORIES, INC. 

S E S / b j h 2905 EAST CENTURY BLVD. 
Sjtuart E. Salot , Ph.D. 

SOUTH GATE, CALIF. 90280 • (213) 564 2641 
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Glassware screw joints CFIgure U) require no silicone 

sealing grease. Frim, but not excessive, pressure should be « 

.sed when forming a seal. Generally the screw Joints need only f 

. loosened and the .ale glass stems pushed in place. Occasionally • 

ê threaded glass and push it over the male glass stem; refit and 

SCREW CAP 

THREADEDT 
GLASS 

MALE GLASS STEM 

-̂ SSOT SEALING RING 

AIR SPACE 

Figure 11. Glass screw joint. 

2*2.4 Filter Assembly 

Assemble the filter holder and components for a pressure-drop 
k as shown xn Figure 12. Turn the pump on and adjust flow 
the orifice gauge to a reading of S.O inches H,0. If the 
«mm gauge on the control module reads higher than two inches 
ercury. the frit is dirty and should be cleaned and checked 
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Figure 1 a Impinger Glassware 
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HGA OPERATING PARAMETERS 

Elemen t A n i o n Used 
w a v e l e n g t h 

nm 
s l i t as SBW 

nm 

Max imum 
Charring 
Temp.[°C) 

Optimum 
A t o m i z a t i o n 
T e m p . ( ° C ) 

S e n s i t i v i t y ( p q / 0 . 0 0 4 4 Abs) 
Purge Gas F l o w 

Comments E l emen t A n i o n Used 
w a v e l e n g t h 

nm 
s l i t as SBW 

nm 

Max imum 
Charring 
Temp.[°C) 

Optimum 
A t o m i z a t i o n 
T e m p . ( ° C ) Normal I n t e r r u p t e d Comments 

L i 
L i t h i u m C h l o r i d e 6 7 0 . 8 

(335-VIS) 
2 . 0 / 1 . 4 1 0 0 0 ° 2 7 0 0 ° 6 0 . 

Mg 
Magnes ium C h l o r i d e 285 .2 2 . 0 1 2 0 0 ° 2 0 0 0 ° 3 . 

Mn 
Manganese C h l o r i d e 279 .5 0 . 2 1 1 0 0 ° 2 4 0 0 ° 8 . 3. 

Mo 
Molybdenum M o l y b d a t e 313 .3 0 . 7 1 8 0 0 ° 2 7 0 0 ° 9 0 . 

Na 
Sod ium C h l o r i d e 589 .0 

(295-VIS) 
0 . 2 / 0 . 4 1 2 0 0 ° 2 0 0 0 ° 1 0 . 

Nb 
N i o b i u m 334 .4 0 . 2 

N i 
N i c k e l N i t r a t e 232 .0 0 . 2 1 2 0 0 ° 2 5 0 0 ° 140 . 

Pb 
Lead N i t r a t e 283 ,3 0 , 7 5 5 0 ° 2 0 0 0 ° 50 . 10 . 

1 

. .•> <•> <^>'/ I 

-J 

' CD 
O 
CO 
o 
ro 
ro 



o 

o 
o HGA OPERATING PARAMETERa 

Element Anion Used 
wavelength 

nm 
s l i t as SBW 

nm 

Max imum 
Char r ing 
Temp.(°C) 

Opt imum 
Atomiza t ion 
Temp.(°C) 

S e n s i t i v i t ^ 
Purge 

Normal 

^{pg/0,0044 Abs) 
J Gas Flow 

In ter rupted Comments 

Cd 
Cadmium Chlo r ide 228,8 0."7 400° 1500° 2 . 1. 

Co 
Cobalt Ch lo r ide 240.7 0.2 1000° 2600° 80. 25. 

Cr 
Chromium (KCr04) 357,9 0.7 1350° 2700° 25. 10. 

Poss ib l e CN ab­
so rp t ion W / N 2 
purge; use 
argon 

Cs 
Ces ium Ch lo r ide 852,1 

(426-VIS) 
4.0 1200° 2400° 100. • F i l t e r used 

Cu 

Copper 

. _ « .. 

S u l f a t e 324,7 0.7 1000° 2500° 50. 

Dyspros ium N i t r a t e 421.2 , 0.2 1400° 2700° 660. 

E r ^ 
Erbium Chlo r ide 400.8 0.2 1400° 2700° 1,660. 

Eu 
Europium Ch lo r ide 459.4 

(230-VIS) 
0 .2 /0 .4 1400° 2700° 40,000. 
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Cd 

Standard C o n d i t i o n s 
STANDARD CONDITIONS FOR CADMIUM 

STOCK STANDARD SOLUTION 

Cadmiiun, 1000 ng/ml. D i s s o l v e 1.000 g of cadmium metal i n a 
minimum volume of (1+1) HCl. D i l u t e t o 1 l i t e r w i t h 1% (v/v) 
HCl. 

OPERATING PARAMETERS Perkin-Elmer Instrvunent Settings 

Instrvunent X03 se r i e s X60, XOO series X90 series 

-

Wavelength 228.8 nm 229 - UV 229 110 

S l i t Setting 4 (0.7 nm) 0.7 nm 0.7 nm 

Light Source Electrodeless Discharge Lamp 
or Hollow Cathode Lamp 

Flame Type Air-acetylene flame 
Oxidizing (lean, blue) 

SENSITIVITY 

For the standard c o n d i t i o n s d e s c r i b e d above, the s e n s i t i v i t y i s 
about 0.02 5 |ig/ml Cd f o r 1% ab s o r p t i o n . A standard c o n t a i n i n g 
2 p,g/ml Cd w i l l t y p i c a l l y g i v e an absorbance r e a d i n g of about 
0.35 absorbance u n i t s (about 55% a b s o r p t i o n ) . 

LINEAR WORKING RANGE 

For the standard c o n d i t i o n s d e s c r i b e d above, the working range 
f o r Cd i s l i n e a r up to conce n t r a t i o n s of approximately 2 p.g/ml 
i n aqueous s o l u t i o n . 

P F R K I N E L r / I E R 
September 1976 
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Standard Conditions 

-2-

0030224 

OTHER ANALYTICAL LINES 

Wave­
len g t h 

X03 
series 

228.8 nm 229 - UV 

326.1 nm 326 - UV 

OTHER FLAMES 

X60, XOO 
s e r i e s 

229 

326 

X90 
s e r i e s 

110 

283 

S l i t 

0.7 nm 

0-7 nm 

R e l a t i v e 
S e n s i t i v i t y 

1. 

435. 

The n i t r o u s o x i d e - a c e t y l e n e flame w i l l p r o vide a s e n s i t i v i t y o f about 
0.1 [xg/ml f o r 1% a b s o r p t i o n . 

LIGHT SOURCES 

Both E l e c t r o d e l e s s Discharge Lamps (EDL's) and Hollow Cathode Lamps 
are a v a i l a b l e f o r cadmium. EDL's provide g r e a t e r l i g h t output and 
longer l i f e than Hollow Cathode Lamps. For cadmiiim, both EDL's 
and Hollow Cathode Lamps p r o v i d e approximately the same s e n s i t i v i t y 
and d e t e c t i o n l i m i t . 

MICROSAMPLING SYSTEM 

With the Sampling Boat, about 0.0001 |ig of cadmium can be de t e c t e d . 
With the Delves Sampling Cup Technique, a d e t e c t i o n l i m i t of 0.00005 |ig 
of cadmixom may be achieved. Refer t o the General Information s e c t i o n 
f o r a d d i t i o n a l d e t a i l s on the use of the AA Microsampling System. 

FLAME EMISSION 

The most s e n s i t i v e emission wavelength f o r cadmium i s a t 326.1 nm. 
A n i t r o u s o x i d e - a c e t y l e n e flame i s recommended. Cadmixim can a l s o 
be determined a t the 228.8 nm wavelength, but w i t h reduced s e n s i t i v i t y . 
An a i r - a c e t y l e n e flame may a l s o be used w i t h reduced s e n s i t i v i t y . 

September 1976 



0030225 
Pb 

Standard C o n d i t i o n s 

STANDARD CONDITIONS FOR LEAD 

STOCK STANDARD SOLUTION 

Lead, 1000 |j,g/ml. D i s s o l v e 1.598 g of lead n i t r a t e , Pb{N0.,)2 
i n 1% (v/v) HNO3 and d i l u t e t o 1 l i t e r w i t h 1% (v/v) HNO^. 

OPERATING PARAMETERS Perkin-Elmer Instrument S e t t i n g s 

Instmment X03 s e r i e s X60, XOO s e r i e s X90 s e r i e s 

Wavelength 283 .3 nm 283 - UV 283 2 06 

S l i t Setting 
4 (0.7 nm) 0.7 nm 0.7 nm 

Lig[ht Source E l e c t r o d e l e s s Discharge Lamp 
or Hollow Cathode Lamp 

Flame Type A i r - a c e t y l e n e flame 
O x i d i z i n g ( l e a n , blue) 

SENSITIVITY 

For the standard c o n d i t i o n s d e s c r i b e d above, the s e n s i t i v i t y i s 
about 0-5 |ig/ml Pb f o r 1% a b s o r p t i o n . A standard c o n t a i n i n g 
2 0 [ig/ml Pb w i l l t y p i c a l l y g i v e an absorbance r e a d i n g of about 
0.18 absorbance u n i t s (about 34% a b s o r p t i o n ) . 

LINEAR WORKING RANGE 

For the standard c o n d i t i o n s d e s c r i b e d above, the working range 
f o r Pb i s l i n e a r up t o c o n c e n t r a t i o n s of approximately 20 |j.g/ml 
i n aqueous s o l u t i o n . 

P E R K I N - E L M E R 
September 1976 
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OTHER ANALYTICAL LINES 

Wave­
length 

X03 
s e r i e s 

X60, XOO 
s e r i e s 

X90 
s e r i e s S l i t 

R e l a t i v e 
S e n s i t i v i t y 

2 8 3 . 3 nm 283 - UV 283 2 06 0.7 nm 1.0 

217 . 0 nm 217 - UV 217 089 0.7 nm 0.4 

2 6 1 . 4 nm 261 - UV 261 167 0.7 nm 10. 

3 6 8 . 4 nm 368 - UV 368 359 0.7 nm 25. 

OTHER FLAMES 

The n i t r o u s o x i d e - a c e t y l e n e flame w i l l p r o vide a s e n s i t i v i t y of about 
1.7 |i,g/ml f o r 1% a b s o r p t i o n . 

LIGHT SOURCES 

Both E l e c t r o d e l e s s Discharge Lamps (EDL's) and Hollow Cathode Lamps 
are a v a i l a b l e f o r l e a d . EDL's pr o v i d e g r e a t e r l i g h t output and 
longer l i f e than Hollow Cathode Lamps. For l e a d , both EDL's and 
Hollow Cathode Lamps provide approximately the same s e n s i t i v i t y and 
d e t e c t i o n l i m i t . 

With multi-element lamps c o n t a i n i n g copper, the Cu 216.5 nm resonance 
l i n e may i n t e r f e r e w i t h l e a d d e t e r m i n a t i o n s a t the lead 217.0 nm l i n e , 
The l e a d 283.3 nm l i n e should be used i n s t e a d . 

MICROSAMPLING SYSTEM 

With the Sampling Boat, about 0.001 (ig of le a d can be de t e c t e d . 
Refer t o the General Information s e c t i o n f o r a d d i t i o n a l d e t a i l s 
on the use of the Sampling Boat. With the Delves Sampling Cup 
technique, about 0.0001 |ig of l e a d can be de t e c t e d . 

FLAME EMISSION 

The most s e n s i t i v e emission wavelength f o r lead i s at 405.8 nm. 
A n i t r o u s o x i d e - a c e t y l e n e flame i s recommended. Lead can a l s o be 
determined a t the 368.4, 283.3, and 261.4 nm wavelengths, but w i t h 
reduced s e n s i t i v i t y - An a i r - a c e t y l e n e flame may a l s o be used w i t h 
reduced s e n s i t i v i t y . 

September 1976 
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ATOMIC ABSORPTION DETERMINATION OF GASEOUS HYDRIDES 
UTILIZING SODIUM BOROHYDRIDE REDUCTION 

Frank J. Fernandez 
The Perkin-Elmer Corporation 
Norwalk, Connecticut 06856 
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ABSTRACT 
A method for the determination of As, 
Bi, Ge, Sb, Se, Sn and Te by reduction 
to the corresponding hydride is de­
scribed. The gaseous hydride, generated 
by reduction with sodium borohydride, 
is collected in a balloon reservoir at­
tached to the generation flask, and sub­
sequently swept by a flow of argon into 
an argon-hydrogen-entrained air flame. 
Optimum parameters, including acid 
concentration and collection time, were 
determined for each element. Sensitivity, 
linearity, precision, and detection limits 
were measured. The method is simple, 
relatively rapid, and provides absolute 
detection limits in the ng range. 

INTRODUCTION 

RESUME 
Line methode pour la determination 
d'As, Bi, Ge, Sb, Se et Sn par reduction 
de leurs hydrures correspondants est de-
crite. Les hydrures gazeux, generes par 
reduction avec du borohydrate de sodi­
um sont collecles dans un ballon reser­
voir connecte au flagon de generation et 
ensuite entraines par de I'argon dans 
une flamme air/argon/hydrogenc. Les 
parametres optimums incluant la con­
centration en acide et le temps de gene­
ration sont determines par chaque ele­
ment. La methode est simple, relative-
ment rapide et fournit une detection 
limite absolue au niveau du mono-
gramme. 

The determination of As and Se by hydride generation 
and subsequent analysis by atomic absorption has been 
described by several authors (1-11). Results have been 
reported using Zn metal and SnClo (1-8) and Mg metal and 
TiCls (9, 10) as reductants and sources of nascent hydro­
gen. Pollock and West (9, 10) have also determined B i , 
Sb, and Te utilizing Mg-TiCla reduction. Schmidt and 
Royer (11) have recently reported the determination of 
As, B i , Sb and Se utilizing reduction wilh NaBH4. The de­
termination of Ge using NaBH4 reduction has been re­
ported by Pollock and West (10). 

The present paper describes the use of NaBH4 as the 
reductant for the determination of As, B i , Ge, Sb, Se, Sn 
and Te by hydride generation. The gaseous hydride is col­
lected in a balloon reservoir and subsequently swept by 
an argon carrier gas into an argon-hydrogen-entrained 
air flame." Experiments were jjerformed to determine the 
optimum acid concentration and hydride collection time. 
Standard curves were prepared, and linearity, sensitivity. 

*A nitrogen-hydrogen-entrained air flame, with nitrogen carrier gas, 
give equal performance to argon-hydrogen for the determination 
of As as arsine. 

ZUSAMMENFASSUNG 
Eine Methode zur Bestimmung von As, 
Bi, Ge, Sb, Se, Sn und Te durch fteduk-
tion zum entsprechenden Hydrid wird 
beschrieben. Das gasfbrmige Hydrid, das 
durrh Reduktion mil Natrium-borhydrid 
erzeugt wird, wird in einem an den Re-
aktionskolben angeschlossenen Vorrats-
ballon gesammelt und schliesslich durrh 
einen Argonstrom in eine Argon/Was-
serstoff-Diffusionsflamme ge.spiilt. Fiir 
jedes Element wurden die optimalen Pa­
rameter einschliesslich Saurekonzentra-
tion und Reaktionszeit bestimmt. Die 
Empfindlichkeit, Linearitat, Prazision 
und Nachweisgrenze wurden gemessen. 
Das Verfahren ist einfach, relativ schnell 
und liefert absolute Nachweisgrenzen im 
ng-Bereich. 

precision and detection limits were measured for each of 
the elements studied. 

EXPERIMENTAL 

A l l data were obtained using a Perkin-Elmer Model 403 
atomic absorption spectrophotometer equipped with a 3-
slot burner head. Deuterium Background Corrector (12/, 
Model 056 recorder, and Intensitron hollow cathode 
lamps. For the determination of As and Se, Perkin-Elmer 
Electrodeless Discharge Lamps (13) were also employed. 
A Perkin-Elmer As/Se Sampling System* (5) was utilized 
for the generation and collection of the gaseous hydrides. 
This system utilizes a dosing stopcock for reagent intro­
duction and a balloon reservoir for collection of the gen­
erated gases. By rotating a 4-way stopcock, the argon flow-
can be set to bypass or flow through the generation flask 
(125 ml Erlenmeyer with a 29/42 ground glass joint I. 
The collected hydride, plus excess hydrogen, is introduced 
into the burner via the auxiliary oxidant connection. Tlie 
following flow settings were found to be optimum: argon 
40 (13 liters/min.) at a pressure of 20 psi, hydrogen 24 
(10 lilers/min.) at a pressure of 20 psi. Reagents used 

ATOMIC ABSORPTION NEWSLETTER 
V o l . 12 , N o . 4, J u l y A u g u s t 1973 A A - 7 4 1 



w«Tf: Nal^H, pollclx (10 32", available from Alfa Inor-
;:aiiirs* I. and h\dr<>rlili>ric ari<l. Standard solutions of all 
llic i-lcmcnl^ iiivpsli;;atrd wvrv prepared in diliile HCl . 

PROCEDURE 

The proreihire used for the peiieralion of the gaseous 
h\<lri(les is as follows: 

1. Pipel 20 ml of sample into ihe generation flask. 

2. Acidify the sample using a suitable volume of HCl (see 
discussion I and dilute to 40 ml with deionized water. 

.3. Connect the flask to the generation apparatus and open 
the 4-way stoj)Cock for about 1.5 seconds to admit ar­
gon, which flushes the air out of the system. 

4. After flushing, close the 4-way slojicock and add a 
.single NaBH4 f>ellet (10/32") via the dosing stoj>cock. 

5. The reaction is allowed to continue for a time that will 
vary depending on the element being determined (see 
discussion), and the ly|)e of sample being analyzed. 
For aqueous samples, a reaction time of 30 seconds is 
suitable. Longer reaction times may be required for 
some types of samples. 

6. Open the 4-way stopcock, which allows the auxiliary 
argon flow to sweep the generated gases into the burner. 
Record the absorption signal on a recorder. 

7. Close the 4-way stopcock after the absorption signal 
has been recorded, and the pen has returned to the 
baseline. 

8. Standards, including a reagent blank, are analyzed us­
ing the same procedure. 

When the 4-w ay stopcock is opened, the surge of excess 
hydrogen into the flame causes a sudden change in the ab­
sorption of the flame, which produces a large blank signal 
when operating at wavelengths below 210 nm. Use of the 
Do Background Corrector (12) appreciably reduces this 
blank signal. A l l of the data reported in this study were 
obtained using the D2 Background Corrector. 

DISCUSSION 

Initial studies were performed to establish what ele­
ments could be determined via hydride generation with 
NaBH4 reduction. Using the procedure outlined, the fol­
lowing elements were investigated: As. Bi , Ga, Ge, Pb, Se, 
Sn and Te by atomic absorption plus P and S by molecu­
lar flame emission. Atomic absorption signals were ob­
tained for the hydrides of all of the elements listed, wit^ 
the exception of Ga and Pb. No absorption signals were 
obtained for Ga (287 nm) and Pb (283 nm) at levels up 
to 1000 |ig. Attempts to determine P and S by molecular 
flame emission were also unsuccessful. The sudden change 
in flame emission caused by the introduction of the gen­
erated gases, produced ofT-scale blank readings at the 
HPO (526 nm) and Sj (304 nm) wavelengths. 

REACTION AND COLLECTION TIMES 

The effect of hydride collection time (lime period be­
tween adding the Nal{H4 and sweeping the generated gases 
into the flame) was investigated for As, Hi, Ge, Sb, Se, Sn 
and Tc. Only for the analysis of Bi and Te is there a need 

•Divis ion of Vcniron Corporation, Beverly, Mass. 019IS. 

for careful moiiiloriiig of llie ((illectioii lime, f i;:ure 1 
shows tracings obtained foi 2 |ig of Te iH^Tei ii^itif; 
various collec-tioii times, ranuitij: from IT second^ tn 3 
mimiles. A significant loss of scnsjti\it\ is olil.iineil u>̂ irî  
colleclion limes longer than 3(1 seconds. This aurees with 
Pollock and West (101. v\h<i have reporled that the Te 
sensitivity is affected bv the rolleftion time when usin^ 
Mg-TiCI:i reduction. By keejiing the 4-way sloprock in tlve 
sweep position, one may continuously flush the H-Te into 
the burner. Tliis degrades the sensitivity by about a factor 
of 2: however, the need for lime monitoring is eliminated. 

0 .6 -

0.5-

LU 0 . 4 -
(_> 
z 
< 
^ 0 - 3 -

O 
to 
CD 
< 0 . 2 -

0 . 1 -

0 -

Te 2\iQ 
I5s 

I 
MIN. 

H H 

30 s 

60s 

120 s 

180s 

CONT 
FLOW 

Fig . 1. S igna ls ob to inad f o r 2 ^ g Ta, s h o w i n g tha af fact of hyd r i da co l -
lact ion t ima on sansi t iv i ty . 

Calibration curves for Te, obtained using both continuous 
flow and a 30-second collection period, are shown in Fig­
ure 2. Similar calibration curves for Bi (H.-}Bi) are shown 
in Figure 3. For B i , optimum sensitivity is obtained using 
a 30-second collection period. The use of longer collection 
periods resulted in up to a 2-fold loss of sensitivity. The 
sensitivity obtained allowing the HsBi to flow continu­
ously into the burner is about 50% poorer than that ob­
tained by collecting the generated gases for 30 seconds. 

COLLECT 30s 

CONT. 
FLOW 

1 2 3 
CONCENTRATION IN pg 

Fig . 2. Ca l i b ra t i on curves for To, ob ta inod us ing a 30 tocond coMottion 
p v r i o d , a n d centinwows f l o w . 
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0.6 r 

COLLECT 30s 

CONT 
FLOW 

0 . 5 1 

CONCENTRATION IN pg 
1.5 

Fig. 3. Calibration curvas for Bi, eblainad using a 30 sacond cellaction 
pariod. and continuous flow. 

For the other elements determined successfully using 
the N a B H i method (As, Ge, Sb, Se and Sn), collection 
times of up to 2 - 3 minutes can be used with no loss of 
sensitivity. Generally, a collection time of 30 seconds is 
sufHcient, although longer collection times may be re­
quired for certain types of samples. The NaBH4 pellet re­
acts vigorously when added to the acidified sample, and 
dissolves completely in about 20 seconds. The addition of 
a single NaBH4 pellet (10/32"), weighing approximately 
200 mg was found to provide optimum results. Varying 
the amount of NaBH4 from 100 to 400 mg had no notice­
able efTect on the sensitivity obtained for any of the ele­
ments studied. The addition of amounts larger than 500 
mg caused the balloon reservoir to rupture. The use of a 
magnetic stirrer to agitate a sample solution of As had no 
effect on the sensitivity obtained. 

ACIDITY 

The relationship of hydrochloric acid concentration to 
sensitivity is shown in Figure 4. For As, B i , Sb and Te, 
varying the acid concentration from 1 to 6N had no notice-

0.6 

0.5 -

0.4 
U 
Z 
< 
CD 
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0 .3 

0.2 

0.1 

S n (Ij jg) 

G e O O p q ) 

\ B i ( l p q ) 

\ S b (0.75jjq) 

\ T e ( 2 t i q | J 

\ A s ( 0 . 5 H q ) 
* 

Se ( O . S p g l ^ - ^ . ^ ^ ^ ^ 

0.2 I 1 
0.5 

2 3 4 5 6 

NORMALITY H C l 
Fig. 4. Efffatt of kydreeKlort< ocid cancanlroftan on santitivify. 

able effect on the sensilivilv ohiained. To obtain <i|ilimum 
sensitivitv. the acid concentration should be at least 5N 
when determining Se. and IN or le^s when delerniininf; 
Ge. For llie determination of Sn. it is important that the 
acid concenlralion be ().5N or less, due to the very |)ro-
nounced loss of sensitivity with increasing acid concen­
tration. The suitabililv of other acids was not investigated. 

SENSITIVITY, PRECISION AND DETECTION LIMITS 

Calibration curves for As (AsHa) and Se (HjSe) . ob­
tained using both hollow cathode lamps and electrodeless 
discharge lamps (EDL's) are shown in Figure 5. For As, 
the E D L provides about a 2-fold improvement in sensi­
tivity while for Se the sensitivity is improved by about 
309r. Figure 6 shows calibration curves obtained for Sn 
( S n H J , Sb (HaSb) and Ge (GeH^I. The sensitivity for 
Ge is about an order of magnitude poorer that that ob­
tained for the other elements studied. The absolute sensi­
tivities (weight of an element which gives a signal of K r 
absorption) obtained for the 7 elements studied are sum­
marized in Table I. 

A s - E D L 
As-HOLLO Ci'^-

Se-HOLLOW c.ti^' 

0.5 1 0 

CONCENTRATION IN 

Fig. 5. Calibration curvas for As and Sa, obtoinad using hollov.' cotheda 
lamps and EDL's. 

TABLE 1 
A b s o l u t e Sens i t i v i t ies O b t a i n e d U t i l i z i n g 

N a B H 4 Reduct ion 

Element XCnm) 
Spectral 
Slit (nm) 

Absolute 
Sensitivity 

(ng) 
Remarlcs 

As 194 0.7 10 

5 

hollow cathode 

EDL 

Bi 223 0.2 8 

12 

collect 30 i 

continuous flow 

G e 265 0.2 270 

Sb 218 0.2 10 

Se 196 0.7 11 

9 

hollow cathode 

EDL 

Sn 224 0.2 7 

Te 214 0.2 14 

27 

collect 30 i 

continuous flow 
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C O N C E N T R A T I O N IN pg 

Fig. 6. C a l i b r a t i o n curvas fo r G a , Sb. a n d Sn. 

The repeatability of the NaBH4 method was examined 
for each of the elements investigated. Ten replicate deter­
minations of a standard providing an absorbance of 0.15 
to 0.35 were made, and the resultant coefficient of varia­
tion calculated. The data obtained are summarized in 
Table II. For Bi and Te, precision was measured by col­
lecting the generated gases for 30 seconds, and also by 
continuously flushing the gases into the burner. Both pro­
cedures provided equivalent precision. The precision ob­
tained for Ge and Sn is poorer than that obtained for the 
other elements studied. Pollock and West (10) reported 
relatively poor precision determining Ge by NaBH4-
H2SO4 reduction. 

TABLE II 
Prec is ion S u m m a r y 

Efemenf Weigh/ C.V.* (%) Remarics 
in pg 

C.V.* (%) 

As 0.5 3.4 hollow cathode 
0.25 EDL 

Bi 0.5 2J collect 30 s 
0.5 3:0 continuous flow 

Ge 15 6.1 

Sb 0.5 3.6 

Se 0.5 2.9 hollow cathode 
0.5 3,1 EDL 

Sn 0.5 6 J 

Te 1 3 J collect 30 s 
2 4.1 continuous flow 

'Cofff ir ient 111 variation based on 10 rrpl irate Hrtermlnalions. 

Comparison recorder tracings taken near the As de­
tection limit with a hollow cathode lamp and EDL, are 
shown in Figure 7. The much greater intensity provided 
by the E D L (13) enables one to o[)erate at a much lower 
instrument gain setting; consequently, more scale expan­
sion can be utilized. For As, the absolute detection limit 
is about 3 ng with the KDI... versus about 10 ng with the 
hollow cathode lamp. Figure 8 shows tracings for Te at 
detection limit levels. The signals were obtained by col­
lecting the generated gases for .30 seconds, and also by 
continuously flushing (hr ga^cs into the burner. Collecting 

0.075 

UJ 

z 0.050-
< 
m 
Q: 
O 
^ 0 . 0 2 5 -
< 

M i r j . 

0030230 
40ng 

20ng 

BLANK 

0- iMA^V 

HOLLOW CATHODE LAMP 

0.03-

LiJ 
U 
Z 
< 
CD 
CC 
O 
CO 
m 
< 

lOng 
0.02-

0.01-

BLANK 

0- Vwvs 
EDL 

Fig . 7. Detect ion l imi t t rac ings f o r A t , o b l o i n o d us ing a h o l l o w ca thodo 
l a m p a n d EDL. 

Te 

COLLECT 3 0 s 

M'IN. 20"fl 

CONTINUOUS FLOW 

2 0.02 
10 ng 

BLANK 

N % 

40 ng 

BLANK 
20 nq 

Fig . 8. Datect ion l imit t roc ings for Tc, ob ta ined us ing a 30-sacond co l l t c -
t ion t ima, a n d cont inuous f l o w . 

the hydride provides an absolute detection limit of about 
5 ng, versus a value of about 1.5 ng obtained with roji-
tinuous flow. Detection limits, tneasiired for all of the 
elements studied, are summarized in Table i l l . The solu­
tion detection limits, measured u.«ing 20 ml of sample, 
can l)e improved still furllier bv increasing the ^fatnple 
volume. 

% 
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TABLE III 

Detect ion Limit SumiTi a ry 

Absolute Solution De 
Element Detection tection Limit • Remorks 

Limit (\ig) (]tg/liter) 

As 0.010 0.5 hollow cathode 

0.003 0.15 EDL 

Bi 0.005 0.25 collect 30 s 

0.008 0.4 continuous flow 

Ge 0.2 10 

0.005 0.25 

Se 0.005 0.25 hollow cathode 

0.003 0.15 EDL 

Sn 0.004 0.2 

T«' 0.005 0.25 collect 30 s 

0.015 0.75 continuous flow 

'Based on a 20 nil sample volume. 

INTERFERENCES 

Interferences were not investigated in this study; how­
ever, those materials that interfere with hydride formation 
in cla>sical analytical methods (14 - 16) would be expected 
to cause interference with this method as well. 

GENERAL 

The N a B H 4 method offers several advantages over the 
Z n - S n C U procedure for hydride generation. The N a B H 4 
{)ellets are inexpensive ( ~ 2 ^ per |)ellet ), easy to handle 
and are sufficiently un i fo rm to eliminate the need for 
weighing. By comparison, the Zn granules must be 
weighed, and a longer reaction time ( 2 - 3 minutes) is 
required. The zinc granules also tend to stick to the dosing 
stopcock, which is made of Teflon (5>. If care is not ex­

ercised, the zinc granules can .score the Teflon stojK'ork, 
causing the system to leak. The NaBH4 pellets eliminate 
this problem. Another advantage of the \ a M l l 4 method is 
the very low blank signals which were obtained for the . 
elemetlts studied. It is diflicult to obtain As-free SiiC'T. 
which is used in the Zn reduction method. 

CONCLUSIONS 

The generation of gaseous hydrides by reduction will) 
NaBH4 is rapid and precise. Us ing the procedure out­
l ined, A s , B i , Ge, Sb , Se, Sn and Te were successfully 
determined, with detection limits in the ng ranjie. The 
N a B H 4 inethod offers several advantages over the Zn-
S n C L method for hydride generation. 
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i 

of HNO, KntS hydrochloric acid (HCl) facUl-
tkted by uItra.snnirmtlon. 

U The lead content of the sample Is 
analyzed by atomic ab.^orpllon iperlrometry 
usinc an alr acrtylrne flame, the 283.3 or 
217.0 nm lead absorption line, and the opti­
mum Instrumental conditions recommended 
by the manufacturer. 

1.4 The ullra-sonicatlon extraction with 
HNO,/HCI will extract metals other than 
lead from amble-.t oarticulate matter. 

3. Aant^e, t cnni iv ty. and lower delectable 
' XimiL The valuer ^ivcn below are typical of 

the methods cap.ibilltlcs. Ab.solute values 
wUl vary for Individual situations depending 
on the type of Instrument used, the lead 
line, and operating conditions. 

2.1 Range. The typical range of the 
method Is 0.07 to 7.5 /ig Pb/m> a.ssumlng an 
upper linear range of analysis of IS fig/ml 
and an air volume of 2,400 m'. 

2.3 Sensitivity. Typical sensitivities for a 
1 percent change in absorption (0.0044 ab-
•ortuince units) are 0.2 and 0.5 MK Pb/ml for 
the 217.0 and 283.3 nm lines, respectively. 

3 J Lower detectable limit (LX>L). A typi­
cal L D L Is 0.07 ^ Pb/m>. The above value 
was calculated by doubling the l>etween-lat>-
oratory standard deviation obtained for the 
lowest measurable lead concentration in a 
eollalxirative test of the method.(7j) An air 
volume of 2.400 m ' was assumed 

3. Interferences. Two types of Interfer­
ences are possible: chemical and light scat­
tering. 

3.1 Chemical. Reports on the absence ( i , 
2, 3, 4, 5) of chemical interferences far 
outweigh those reporting their presence. (6) 
therefore, no correction for chemical inter­
ferences is given here. If the analyst sus­
pects that the sample matrix 1$ (fusing a 
chemical lnterferen(». the interference can 
be verified and corrected for by carrying out 
the analysis with and without the method 
of standard additions.t 7) 

3.3 Light scattering. Nonatomic absorp­
tion or light scattering, produced by high 
concentrations of dissolved solids in the 
lample. can produce a significant interfer­
ence, especially at low lead concentrations. 
(2) The Interference is preater at the 217.0 
nm line than at the 283.3 nm line. No inter­
ference was observed iLsing the 283.3 nm 
line with a similar method.(7) 

Light scattering Interferences can. howev­
er, be corrected for insirumcntnlly. Since 
the dissolved solids can vary depending on 
the origin of the sample, the correction may 
be necessary, especially when using the 
217.0 run line. Dual beam instruments with 

• a continuum source give the mo<:t accurate 
correction. A less accurate correction can be 
obtained by using a nonabsorbInK lend line 
that Is near the lead analytical line. Infor­
mation on use of these correction tech­
niques can be obtained from Instrument 
manufacturers' manuals. 

If Instrumental correction Is not feasible, 
the Interference can be eliminated by u.se of 
the ammonium pyrrolidlneearbodllhlonte-
roethyllsobutyl ketone, chelatlon-aolvent ex-
traction technique of sample preparatioiuSI 

4. Precision and bias. 
4.1 The hlch-volump sampllnR procedure 

used to collect ambient air parilculaie 
matter has a tietwccn-laboratory relative 
standard deviation of9 :7 pcfccnt ovrr the 

'range SO l« I ' i i iif/ttk'.lSi The combined cx^, 
tractlon^analysU proeedure hat an averace-
wlthln-laboratorjr relallv*' slandnrit. di'vl« 
atlon or S to 8 percent over the ranuc l.S to 
IS fig Mj /mt . and an averase^ticiwrrn iabo-

-^ ;^ -Ta . - : r~^-ar» ; ' : i ^ - — 
riorfAni 

ratory relative standard deviation of 7 to 9 
p<-rcent over the same ranitp These vnluM 
include use of either extrnnion procedure. 

42 Slnifle lal>orafory experiments and 
collaborative te.stlnK tndirale that there Is 
no siKnIflcant difference In lead recovery be-
Iween the hot and ultrasonic extraction pro­
cedures.! 75) 

5. Apparatus, 
5.1 Sampling. 
S.I.I High-volume sampler. U.se and cali­

brate the sampler as descrtt>ed In reference 
10. 

5.2 Analysta. 
5.2.1 Atomic absorption spectrophoto­

meter. Equipped with lead hollow cathode 
or electrodeless discharge lamp. 

5.2.1.1 Acetylene. The grade recommend­
ed by the Instrument manufacturer should 
be used. Change cylinder when pressure 
drops below 50-100 psig. 

5.2.1.2 Air. Filtered to remove particu­
late, oil. and water. , 

5.2.2 Glassware. Class A tioroslllcate 
glassware should l>e used throughout the 
analysis. 

5.2.2.1 Beakers. 30 and 150 ml. graduated, 
Pyrex. 

5.2.2.2 
5.2.2.3 

2. 1 ml. 
5.2.2.4 

filter anywhere In the filter. Analyze all 
strips, separately, according to the direc­
tions in sections 7 and 8. 

6.1.1.2 2 
filter as 

Calculate the total lead In each 

F.« pg'Pb/tnl x 100 ml 
strip 

1? strips 
fTTter 

Volumetric flasks. 100-ml. 
Pipettes. To deliver SO. 30. 15, 8. 4. 

where: 

F t -Amount of lead per 73 square inches of 
filter. (If. 

6.1.1.2.3 Calculate the mean. F». of the 
values and the relative standard deviation 
(standard deviation/mean x 100). If the rel­
ative standard deviation Is high enough so 
that. In the analysts opinion, subtraction of 
Ft, (section 10.3) may result In a significant 
error In the fig Pb/m* the batch should be 
rejected. 

6.1.1.2.4 For acceptable batches, use the 
value of F , to correct all lead analyses (sec­
tion 10.3) of particulate matter collected 
using that batch of filters. If the analyses 
are l>eIow the L D L (section 2.3) no correc-
tiflo it neijessary. 

6.2 Analysis. 
A C S 8.2.1 Concentrated (15.6 m HNO, 

reagent grade HNO> and commercially avail­
able redistilled HNO, has found to have suf­
ficiently low lead concentrations. 

6.2.2 Concentrated (11.7 M) H C l . A C S 
reagent grade. 

6.2.3 DlslUIed-deionized water. (D.I. 
water). 

3 M HNO^ This solution is used in 
ot extraction pr(x:edure. To prepare.' 

Cleaning. A l l glassware shouldQje 
scrupulously cleaned. The following proce­
dure is suggested. Wash with laboratory de­
tergent, rinse, soak for 4 hours in 20 percent 
(w/w) HNOi. rinse 3 times with distitled-
de ionized water, and dry in a dust free 
manner. 

5.2.3 Hot plate. 
5.2.4. Ultrasonicatlon water bath, un-

heated. Commercially available latraratory 
ultrasonic cleaning baths of 450 watts or 
higher "cleaning power," i.e„ actual ultra-
sonic power output to the bath have been y ^ j d 192 mr^ 'concen"C^re" rHNO,* ' t rD. i : 
found satisfactory. « 

5.2.5 Template. To aid in sectioning the 
glass-fit>er filter. See figure 1 for dimen­
sions. 

5.2.6 Pizza cutter. Thin wheel. Thicknesa 
<lmni. 

5.2.7 Watch glass. 
5.2.8 Polyethylene bottles. For storage of 

samples. Linear polyethylene ttives l>etler 
storage stability than other polyethylenes 
and is preferred. 

5.2.9 ParafUm " M " . * American Can Co.. 
Marathon Products. Nennah. Wis., or equiv­
alent. 

6. Reagent*, 
6.1 Sampling. 
6.1.1 Glass fiber filters. The specifica­

tions given below are intended to aid the 
user in obtaining high quality filters with 
reproducible properties. These specifica­
tions have been met by E P A contractors. 

6.1.1,1 Lead content. The absolute lead 
content of filters Is not critical, but low 
values are, of course, desirable. KPA typical­
ly obtains filters with a lead content of c73 
MB/filter. 

It Is Important that the variation In lead 
content from filter to filter, within a given 
batch, t>c small. 

fl.1.1.2 Tc-itlng. 
6.1.1.2,1 For large batches of filters 

<>500 filler.-!) select at random 20 to 30 ni­
ters from a given batch. Kor small bad lies 
( <500 filters) a ICKier nunilM-r ol (liters may 
be taken. Cut one "xB'. sUlp Ironn ,t »cl» 

•Menilon of commrrrlal produrl« doiit 
not Imply endorsement by ihc U.4l._Environ^ 
mental Protection A K c i K ] f , - ^ ^ - : ; : ~ ^ r . .„.• -« 

water In a I f volumetric flask. Shake well, 
cool, and dilute to volume with D.I. water./ 
CaufiOTL' Nitric acid fumes are toxic. Pre^ 
par£kn a well ventilated fume hood. 

^ 2 . 8 " 0.45 M HNO> This solution is used 
u—tne matrix for calibration standards 
when using the hot extraction procedure. 
To prepare, add 29 ml of concentrated 
H N O . to D.I. water In a I f volumetric flask. 
Shake well, cool, and dilute to volume with 

• D.I. water. 

6.2.6 2.6 M HNO. + 0 to 0.9 M H C l . This 
solution is used in the ultrasonic extraction 
procedure. The concentration of H C l can be 
varied from 0 to 0.9 A/. Directions are given 
for pri'parallon of a 2.6 M HNO.+ 0.9 M H C l 
solution. Place 167 ml of concentrated H N O . 
Into a 1 / volumetric flask and add 77 ml of 
concentrated HCl . Stir 4 to 6 hours, dilute 
to nearly 1 / with D.I. water, cool to room 
temperature, and dilute to I L 

6.2.7 0.40 M HNO, + X W H C l . This solu­
tion 1.1 u.sed as the matrix for calibration 
standards when using the ultra.sonic exlrae-
llon procedure. To prepare, add 28 ml of 
concentrated UNO., plus the ml of H C l re­
quired, to a 1 I volumetric flask. Dilute to 
m arly 1 / viltli D.I. water, cool lo room tem-
pcrature. and dilute to 1 L The amount of 
l l C l required can be determined from the 
fulloMing t-quBllon; 

77 ml A 0.15'A 

icwni; vot.>5, NOCIV*—•moiioA-rr-ocTotii 
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y - ml of concentrated H C l required. 
X - molarity of IICI In 6.2.6. 
0.15 •= dilution factor In 7.2.2. 

6 2 8 Lead nitrate. Pb(NO.),. ACS reagent 
grade, purity 9!>.0 prrc< n l . Heat for 4 hours 
at 120' C and cool In a desiccator. 

6.3 Calibration standards. 
C3.1 Ma.ster standard, 1000 ^g Pb/ml In 

UNO.. Dissolve 1.598 g of Pb(NO,). In 0.4S M 
HNO, contained In a I f volumetric flask 
and dilute to volume with 0.45 M UNO.. 

6.3.2 MiLsler .standard. 1000 f.g Pb/ml In 
HNO,/IICI. Prepare as In 6.3.1 except u.se 
the H N O . / H C l solution In 6.2.7. 

Store standards in a polyethylene txittle. 
Commercially available certified lead stand­
ard solutions may also be used 

7. Procedure. 
7.1 Sampling. Collect samples for 24 

hours u.sing the procedure described In ref­
erence 10 with Rl.iss-flber filters meeting the 
specifications In 6.1.1. Transport collected 
samples to the lat>oratory taking care lo 
minimize contamination and loss of 
sample. (J7). 

7.3 Sample preparation. 
7.2.1 Hot extraction procedure. 
7.2.1.1 Cut a % • x 8" strip from the ex­

posed filter using a template and a pizza 
cutter as described in figures 1 and 2. Other 
cutting procedures may l>e used. 

Lead in ambient particulate matter col­
lected on glass fiber filters has l>een shown 
to be uniformly distributed across the filter 
( i , 3, 11) suggesting that the position of the 
strip is unimportant. However, another 
study (12) has shown that when sampling 
near a road-way lead is not uniformly dis­
tributed across the filter. The nonunifor-
mity has been attributed to large variations 
in particle size. (JTS) Therefore, when sam­
pling near a road-way. additional strips at 
different positions within the filter should 
be analyzed. 

7.2.1.2 Fold the strip In half twice and 
place In a 150-ml beaker. Add 15 ml of 3 .Af 
HNO, to cover the sa^nplc. The acid should 
completely cover the sample. Cover the 
l>eaker with a watch glass. 

7.2.1.3 Place beaker on the hot-plate, 
contained in a fume hood, and boll gently 

y . l . j l o T 30 min. Do not let the sample evaporate 
•t/̂  to dryness. Caution.' Nitric acid fumes are 

toxic. 
7.2.1.4 Rembve beaker from hot plate 

and cool to near room temperature. 
7.2.1.5 Quantitatively transfer the 

sample as'follows: 
7.2.1.5.1 Rinse watch glass and sides of 

beaker with D.I. water. 
7.2.1.5.2 Decant extract and rinsings Into 

a lOO ml volumetric flask. 
7.2.1.5.3 Add D.I. water to 40 ml mark on-

beaker, cover with watch glass, and set aside 
for a minimum of 30 minutes. This is a criti­
cal step and cannot t>e omitted since it 
allows the H N O . trapped in the filter to dif­
fuse Into the rinse water. 

7.2.1.5.4 Decant the water from the filter 
Into the volumetric flask. 

7.2.1.5.5 Rinse filter and beaker twice 
with D.I. water euid add rinsings to volumet­
ric fla:>k until total volume Is 80_to_8Sjnl. 

7.2.1.5.6 Stopper flask and shake vigor­
ously. S<-t a.'iidc for approximately 5 minutes 
or until foam has dissipated. 

7.2.1.5.7 Bring solution to volume with 
D J . water. Mix thoroughly. 
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7.2.1.5.8 Allow solution to»ritle_fgL-OflC-
hour b< fore prccn ding M I U , «ii7iT>7is 

T X i . 5 9 If sample Is lo Ix- oinrrd for sub­
sequent, analy.sls. irarusd r to a linear poly-

^elll>lrJDCj)OUlc,___ — 
T2.2 Ultra.sonlc extraction proci'dure. 
7 2.2.1 Cut a X 8 strip Ironi the ex-

po.srd filler as d< srrlb< d In serlhin 7.2.1.1. 
7.2.2.2 Fold the strip In half twice and 

place In a 30 ml braki r Adil 15 nil of the 
H N O . / H t l solution In 6.2 6. I'hr arid should 
completely cover the sample. Cover the 
t>eaker with parafllm. 

The parafllm should be placed over the 
beaker such that none of the parafllm Is In 
contact with water In the ulira.sonlc bath. 
Otherwise, rinsing of the parafllm (section 
7.2.2.4.1) may contaminate the sample. 

7.2.2.3 Place the beaker In the ultrasoni­
catlon bath and operate for 30 minutes. 

7.2.2.4 Quantitatively transfer the 
sample as follows: 

7.2.2.4.1 Rinse, parafllm and sides of 
beaker with D.I. water. 

7.2.2.4.2 Decant extract and rinsings into 
a 100 ml volumetric flask. 

7.2.2.4.3 Add 20 ml D.I. water to cover 
the filter strip, cover with parafllm. and set 
aside for a minimum of 30 minutes. This Is a 
critical step and cannot t>e omitted. The 
sample is then processed as in sections 
7.2.1.5.4 through 7.2.1.5.9. 

NOTE.—Samples prepared by the hot ex­
traction procedure are now In 0.45 M HNO>. 
Samples prepared by the ultrasonicatlon 
procedure are In 0.40 M HNO. + X M HCL 

8. Analysit. 
8.1 Set the wavelength of the monochro-

mator at 283.3 or 217.0 nm. Set or align 
other Instrumental operating conditions as 
recommended by the manufacturer. 

8.2 The sample can be analyzed directly 
from the volumetric flask, or an appropriate 
amount of sample decanted Into a sample 
analysis tube. In either case, care should be 
t j | i p n not tp di.^turh the f=«''"''H cnli/jg 

8.3 Aspirate samples, calibration stand­
ards and blanks (section 9.2) Into the flaune 
and record the equilibrium absorbance. 

8.4 Determine the lead concentration in 
fig Pb/ml, from the calibration curve, sec­
tion 9.3. 

8.5 Samples that exceed the linear cali­
bration range should be diluted with acid of 
the same concentration as the calibration 
standards and reanalyzed. 

a^Co/ibra/ion. 
^ | 0 ) Working standard, 20 Pb/ml . Pre­
pared by diluting 2.0 ml of the master 
standard 16.3.1 If the hot acid extraction 
was used or 6.3.2 If the ultrasonic extraction 
procedure was used) to 100 ml with acid of 
the same concentration as used in preparing 
the master standard. 

9.2 Calibration standards. Prepare dally 
by diluting the working standard, with the 
same acid matrix, as Indicated below. Other 
lead concentrations may be us(^.» 
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Volume of 20 Final volume. Concentration 
f i l / m l working ml lit Pb/ml 
standard, ml 

0 100 0 

!.• 0.1 
S.0 m 0.2 
2.0 100 0.4 
4.0 100 O J 
1.6 100 I t 

Ift.O too 1.0 
30.0 too i.O 
M S 100 10.0 

100.0 100 20.0 

93 Preparation of calibration curve. 
Since the working ranse of analysis will 
vary depending on wlilrh lead line Is used 

^ n d the type of In.strumcnt, no one set of 
• Irulrucllons lor prrpnriillon of a calibration 

curve can Ix- Klvcn. Select standards (plus 
the reagent blank). In the same arid conccn-
trallon as the samples, to cover the linear 
at>sorptlon rani:e indicated by the Instru­
ment manufacturer. Measure the al}sor-
bance of the blank and standards as In sec­
tion 8.0. Repeat until good axrecmcnl Is ob­
tained between replicates. Plot absorbance 
(y axls) versus concentration In ^g Pb/ml 
(x-axIs). Draw (or compute) a straight line 
through the linear portion of the curve. Do 
not force the calibration curve through 
zero. Other calibration procedures may l>e 
used 

To determine stability of the calibration 
curve, remeasure—alternately—one of the 
following calibration standards for every 
10th sample analyzed: concentration S Ifig 
Pb /ml : concentration % 10 jig Pb/ml . If 
either standard deviates by more than 5 per­
cent from the value predicted by the cali­
bration curve, recalibrate and rei>eat the 
previous 10 analyses. 

10. Calculation. 
10.1 Measured air volume. Calculate the 

measured air volume as 

X T 

where: 

'V_=Air volume sampled (uncorrected), m>. 
Oi>= Initial air flow rate, m' /mln. 
Q,=Final air flow rate, m»/mln. 
T=Sampling time, mln. 

The flow rates Q, and Q, should be cor­
rected to the temperature and pressure con­
ditions existing at the time of orifice cali­
bration as directed in addendum B of refer­
ence 10, before calculation V _ 

10.2 Ai r volume at STP. The measured 
air volume is corrected to reference condi­
tions of 760 mm Hg and 25' C as follows. 
The imlts are standard cubic meters, sm*. 

Vnr'= Sample volume, sm*. at 760 mm He 
and 298' K . 

V . = Measured volume from 10.1. 
PI=Atmospheric pressure at time of orifice 

calibration, mm Hg. 
Pi=760 mm Hg. 
T,-Atmospheric temperature at time of ori­

fice calibration. ' K . 

T.-298- K . 

10.3 Lead concentration. Calculate lead 
concentration In the air sample. 

(„« n /a l I 100 al / i t r lp i U itrlps/f(Iter) - T. 
t . _ 4 

FEOEtAL lEOISTER. VOL 43, NO. 194—THUISDAY, OCTOBEI S. I97« 
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VI 

ft. 

there: 
' C-Concentration. |ig Pb/sm'. 

Hi Pb/ml ^ L^ad ronrmtrallon determined 
from section 8. 

100 ml/strip = Tola! sample volume. 
12 strips/filter - tJsrablr filter area. 7 " « 

Exposed area of one it rip. >. > 7 ". 
F f L e a d concentration of blank filter. 

from section 6.1.1.2.3. 
Vn»"Alr volume from 10.2. 

II. Quality control 
X 8" gla.ss fiber filler strips containing 

80 to 2000 (ig Pb/slrip (as lead salLs) and 
blank strips with zero Pb content should be 
used to determine if the method-as bring 
tised—has any bias. Quality control chart.s 
should be established to monitor dlffrrrnres 
between measured and true values. The fre­
quency of such checks w ill depend on the 
local quality control program. 

To minimize the pos.sibility of generaling 
unreliable data, the user should follow prac­
tices established for assuring the quality of 
air pollution data, ( f j ) and take part In 
CPA's semiannual audit program for lead 
analyses. 

13. Trou&fe shooting. 
1. During extraction of lead by the hot ex­

traction procedure. It Is important to keep 
the sample covered so that corrosion prod­
ucts—formed on fume hood surfaces which 
may contain lead—are not deposited In the 
extract. 

2. The sample acid concentration should 
minimize corrosion of the nebulizer. Howev­
er, different nebulizers may require lower 
add concentrations. I^owcr concentrations 
can be used provided samples and standards 
have the same acid concentration. 

t. Ashing of particulate samples has been 
found, by E P A and contractor laboratories, 
to be urmecessary in lead analyses by atomic 

absorption. Therefore, this step was omitted 
from the method. 

4. Filtration of extracted samples, to 
remove particulate matter, was spiclflrally 
excluded from sample preparation, bcraiise 
some analysis have otwcrvcd lo.vscs of lead 
due to filtration. 

5. If suspended solids should clog the ne­
bulizer during analy.sls of sampli-s, centri­
fuge the sample to remove the solids. 

13. Authority. 
(Sfc». 109 and 301(a), Clean Air Act as 

amended. (42 U.S.C. 7409. 7601(a)).) 
14. Rr/crcnces. 
1. Scott. D. R. et al. •'Atomic Absorption 

and Optical EmI.sslon Analysis of NASN At­
mospheric Particulate Samples for Lead." 
E m ir. Set and Tech., 10. 877-880 (1976). 

2. Skogerboe. R. K . et al. •'Monitoring for 
Lead In the Environment." pp. 57-66. De­
partment of Chemistry, Colorado State Uni­
versity, Fort Collins. Colo. 80523. Submitted 
to National Science Foundation for publica­
tions. 1976. 

3. Zdrojewski. A . et al. •'The Accurate 
Measurement of Lead In Airborne Particu­
lates." Inter. J. Environ. AnaL Chem., 2, 63-
77 (1972). 

4. Slavtn. W.. "Atomic Absorption Spec­
troscopy." Published by Intersciencc Com­
pany. New York. N . Y . (1968). 

5. Kirkbright. G . F.. and Sargent, M . , 
"Atomic Absorption and Fluorescence Spec­
troscopy." Published by Academic Press, 
New York. N .Y. 1974. 

6. Burnham. C. D. et al., ••Determination 
of Lead In Airborne Particulates in Chicago 
and Cook County. 111. by Atomic Absorption 
Spectro.scopy." Envir. Scl. and Tech.. 3, 472-
475(1969). 

7. "Propos<?d Recommended Practices for 
Atomic Absorption Spectrometry." ASTM 

Book of Standards, part 30. pp. 1596-1608 
(July 1973). 

8. Kolrltyohann. S. R. and Wen. J W., 
• Critical .Study of th.' AI 'CD M I H K Extrac­
tion System for Aloniir Ab.sorptlon." AnaL 
Chem., 4S. 1986-I9B9 (1U73). 

9. Collaborative Study of Reference 
Method for Ihc DcUrmination of Suspended 
Particulates in the Atmosphere UliQh 
Volume Method). Obtainable from National 
Technical Information Srrvlce. Depart ment 
of Commerce. Port Royal Road, Sprlngfuid, 
Va. 22151. as PO-205-891. 

10. "Reference Method for the Determina­
tion of Suspended Particiilales In the Atmo­
sphere (HiKh Volume Melhod).'^ Code of 
Federal Regulations. Title 40, Part 50, Ap­
pendix B. pp. 12-16 (July 1, 1975). 

11. Dubois, L.. et al., "The Metal Content 
of Urban Air ." J A P C A . 16. 77-78 (1966). 

12. EPA Report No. 600/4-77-034. June 
1977. "Los Angeles Catalyst Study Sympo­
sium." Page 223. 

13. Quality Assurance Handbook for A i r 
Pollution Measurement System Volume 1— 
Principles. EPA-600/9-76-005. March 1976. 

14. Thompson, R. J . et al.. "Analysis of Se­
lected Elements in Atmospheric Particulate 
Matter by Atomic Absorption." i4fomtc Ab­
sorption Newsletter, 9, No. 3. May-June 
1970. 

15. To be published. E P A , Q A B , E M S L , 
R T F , N.C. 27711 

16. Hirschler, D. A. et al., "Particulate 
Lead Compounds In ^Automobile Exhaust 
Gas." Industrial and Engineering Chemis­
try, 49. 1131-1142 (1957). 

17. Quality Assurance Handbook for A i r 
Pollution Measurement Systems. Volume 
II—Ambient Ai r Specific Methods. EPA-600/ 
4-77/027a. May 1977. 
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APPENDIX D 

APPROVAL OF SPECIFIED VARIATIONS TO EPA METHOD 5 

(Letter: Byrne to Gordon, with attachment) 
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1979 

REGION VIII 

1860 LINCOLN STREET 

DENVER COLORADO 80295 

August 16, 1979 

Ref: 8S-S 

Mr. Robert J. Gordon 
Pacific Environmental Services, Inc. 
1930 14th Street 
Santa Monica, California 90404 

Dear Mr. Gordon: 

The variations proposed by your organization for the source 
testing to be done at the ASARCO Smelter in Helena, Montana, have 
been reviewed. Exception (1) regarding use of Nutech Corp. impinger 
assembly is approved. Exception (2) regarding use of the Teflon 
tubing between the probe assembly and the filter box is approved with 
the following conditions: 

a. Teflon line is heated to maintain a temperature of 
1200+14°C (2480±25°F). 

b. Device to monitor this temperature is provided. Number 
of monitor points dependent on the length of tubing 
required. 

The EPA method for simultaneously determing particulate and lead 
emissions is enclosed for your reference. As you can see, with slight 
modifications described in paragraph 9.1, it is basically a Method 5 
determination. 

This EPA method with the above exceptions will constitute the 
testing methods to be employed at ASARCO. 

Do not hesitate to call me if you have any further questions. 

Sincerely, 

Martin o.^yrm 
Air Surveillance Section 
Surveillance Branch 
Surveillance & Analysis Division 

Enclosure 
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PROCEDURE FOR DETERMINING THE INORGANIC LEAD 

EMISSIONS FROM STATIONARY SOURCES 

1, Principle and Applicability 

1.1 Principle. Particulate and gaseous lead emissions are 

withdrawn isokinetically from the source. The collected samples are 

digested in acid solution and analyzed by atomic absorption spectrometry 

using an air acetylene flame. 

1.2 Applicability. This method is applicable for the determination 

of inorganic lead emissions from stationary sources. ^ 

2. Range, Sensitivity, Precision, and Interferences 

2.1 ' Range. The upper limit can be considerably extended by dilution 

For a minimum analysis accuracy of + 10%, a minimum lead mass of 100 yg should 

be collected. 

2.2 Analytical Sensitivity. Typical sensitivity for a 1% change in 

absorption (0.0044 absorbance units) are 0.2 and 0.5 yg Pb ml~Vor the 217.0 andj 

283.3 nm lines, respectively. 

2.3 Precision. The within-laboratory precision, as measured by the 

coefficient of variation, was determined at a gray iron foundry, a lead storage 

battery manufacturing plant, a secondary lead smelter, and a lead recovery 

furnace at an alkyl lead manufacturing plant. The concentrations encountered 

during these tests ranged from 0.61 to 123.3 mg Pb m . The coefficient of 

variation for each run, which is the standard deviation of the run expressed 

as a percentage of the run mean concentration, ranged from 0.2 to 9.5%. 

m 
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2.4 Interferences. Sample matrix effects may interfere with 

the analysis for lead by flame atomic absorption. If the analyst suspects 

that the sample matrix is causing erroneous results, the presence of these 

matrix effects can be confirmed and frequently corrected for by carrying out 

the analysis using the Method of Standard Additions. 

High concentrations of copper may interfere with the analysis 

of lead at 217.0 nm. This interference can be avoided by analyzing the samples 

for lead using the 283.3 nm lead line. 

3. Apparatus '» 

3.1 Sampling Train. A schematic of the sampling train usefd in this 

method is shown in Figure A-1. Complete construction details are given in APTD-

0581; commercial models of this train are also available. For changes from 

APTD-0581 and for allowable modifications of the train shown in Figure A-1, 

see the following subsections. -

The operating and maintenance procedures for the sampling train 

are described in APTD-0576. Since correct usage is important in obtaining 

valid results, all users should read APTD-0576 and adopt t̂ e operating and 

maintenance procedures outlined in it, unless otherwise specified herein. 

The sampling train consists of the following components: 

3.1.1 Probe Nozzle. Stainless steel (̂ 16) or glass with sharp, 

tapered leading edge. The angle of taper shall be <̂  30°, and the taper shall 

be on the outside to preserve a constant internal diameter. The probe nozzle 

shall be of the button-hook or elbow design, unless otherwise specified by the 

• Administrator. If made of stainless steel, the nozzle shall be constructed 

from seamless tubing; other materials of construction may be used, subject to 

the approval of the Administrator. 
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A range of nozzle sizes suitable for isokinetic sampling should be 

available, e.g., 0.32 to 1.27 cm (1/8 to 1/2 in.),or larger i f higher 

volume sampling trains are used, inside diameter.(I.D.) nozzles in increments 

of 0.16 cm (1/16 in.). Each nozzle shall be identified and calibrated (see 

Section 5.2). 

3.1.2 Probe Liner. Borosilicate or quartz glass tubing with a 

heating system capable of maintaining a gas temperature at the exit end during 

sampling of 120° + 14°C (248°.+ 25°F); note that lower exit temperatures are 

acceptable, provided that they exceed the stack gas dew point. Since the 

actual temperature at the outlet of the probe is not usually monitored during 

sampling, probes constructed according to APTD-0581 and utilizing the calibration 

curves of APTD-0576 (or calibrated according to the procedure outlined in APTD-

0576) will be considered acceptable. 

Either borosilicate or quartz glass probe liners may be used for stack 

temperatures up to about 480°C (900°F); quartz liners shall be used for tempera­

tures between 480° and 900°C (900° and 1650°F). Both types of liners may be 

used at temperatures higher than specified for short periods of time, subject 

to the approval of the Administrator. The softening temperature for borosilicate 

is 820°C (1508°F), and for quartz i t is 1500°C (2732°F). 

Whenever practical, every effort should be made to use borosilicate or 

quartz glass probe liners. Alternatively, metal liners (e.g., 316 stainless 

steel, Incoloy 825*, or other corrosion resistant metals) made of stainless 

tubing be used, subject to the approval of the Administrator, 

*Mention of trade names or specific products doQS not constitute endorsement by 
the U.S. Environmental Protection Agency. 
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3.1.3 Pitot Tube. Type S, as described in Section 2.1 of Method 2, 

40 CFR 60 Appendix A, or other device approved by the Administrator. The Pitot 

tube shall be attached to the probe (as shown in Figure A-1) to allow constant 

monitoring of the stack gas velocity. The impact (high pressure) opening plane 

of the.Pitot tube shall be even with or above the nozzle entry plane (see 

Method 2, Figure 2-6b) during sampling. The Type S Pitot tube assembly shall 

have a known coefficient, determined as outlined in Section 4 of Method 2. 

3.1.4 Differential Pressure Gauge. Inclined manometer or equivalent 

device (two), as described in Section 2.2 of Method 2. One manometer shall be 

used for velocity head (Ap) readings, and the other, for orific? differential 

pressure readings. 

3.1.5 Filter Heating System. Any heating system capable of main-

taining a temperature around the filt e r holder during sampling of 120° +_ 14°C 

(248° + 25°F), or such other temperature as specified by an applicable subpart 

the standards or approved by the Administrator for a particular application. 

Alternatively, the tester may opt to operate the equipment at a temperature 

lower than that specified. A temperature gauge capable of measuring temperatur 

to within 3°C (5.4°F) shall be installed so that the temperature around the f i l 

holder can be regulated and monitored during sampling. Heating systems other t 

the one shown in APTD-0581 may be used. 

3.1.6 Filter Holder. Borosilicate glass, with a glass frit filter 

support and a silicone rubber gasket. Other materials of construction (e.g., 

stainless steel, Teflon, Viton) may be used, subject to the approval of the 

Administrator. The holder design shall provide a positive seal against leakage 

from the outside or around the filter. The filter holder shall be attached ' 

Imnedlately at the outlet of the probe. 
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3.1.7 Impingers. Four impingers connected in ser^s with leak-free 

.ground glass fittings or any similar leak-free noncontaminatiipg fittings. The 

.first, third, and fourth impingers shall be of Greenburg-Smith design, modified 

by replacing the tip with a 1.3 cm (1/2 in.) I.D. glass tube extending to about 

1.3 cm (1/2 in.) from the bottom of the flask. The second impinger shall be of 

the Greenburg-Smith design with the standard tip. The first and second impingers 

shall contain known quantities of 0.1 N HNÔ  (Section 4.1.3), the third shall 

be empty, and the fourth shall contain a known weight of silica gel or equivalent 

desiccant. A thermometer, capable of measuring temperature to within 1°C (2°F), 

shall be placed at the outlet of the fourth impinger for monitoring purposes. 

3.1.8 Metering System. Vacuum gauge, leak-free pump, thermometers 

capable of measuring temperature to within 3°C (5.4°F), dry gas meter capable of 

measuring volume to within 2%, and related equipment, as shown in Figure A-1. 

Other metering systems capable of maintaining sampling rates within 10% 

of isokinetic and of determining sample volumes to within 2% may be used, 

subject to the approval of the Administrator. When the metering system is 

used in conjunction with a Pitot tube, the system shall enable checks of 

isokinetic rates. 

Sampling trains utilizing metering systems designed for flow rates higher 

than that described in APTD-0581 or APTD-0576 may be used provided that the 

fpecifications of this method are met. 

3.1.9 Barometer. Mercury, aneroid, or other barometer capable of 

measuring atmospheric pressure to within 2.5 mm Hg (0.1 in. Hg). In many cases, 

tha barometric reading may be obtained from a nearby National Weather Service 

station, in which case the station value (which is the absolute barometric 

pressure) shall be requested, and an adjustment for elevation differences between 
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the weather station and sampling point shall be applifd at a rate of minus 

2.5 nm Hg (0.1 in. Hg) per 30 m (100 ft) elevation increase or vice versa for 

elevation decrease. . 

3.1.10 Gas Density Determination Equipment. Temperature sensor an 

pressure gauge, as described in Sections 2.3 and 2.4 of Method 2, and gas 

analyzer, i f necessary, as described in Method 3 (40 CFR 60 Appendix A). The 

temperature sensor shall, preferably, be permanently attached to the Pitot tu! 

or sampling probe in a fixed configuration, such that the tip of the sensor 
''» 

extends beyond the leading edge of the probe sheath and does not touch any me 

Alternatively, the sensor may be attached just prior to use in-the field. No 

however, that i f the temperature sensor is attached in the field, the sensor 

must be placed in an interference-free arrangement with respect to the Type S 

Pitot tube openings (see Method 2, Figure 2-7). As a second alternative, pro' 

that a difference of not more than 1% in the average velocity measurement 

is introduced, the temperature gauge need not be attached to the probe or Piti 

tube. (This alternative is subject to the approval of the Administrator.) 

3.2 Sample Recovery. The following items are needed: 

3.2.1 Probe-Liner and Probe-Nozzle Brushes. Nylon bristle brushes 

with stainless steel wire handles. The probe brush shall have extensions (at 

least as long as the probe) of stainless steel. Nylon, Teflon, or similarly 

inert material. The brushes shall be properly sized and shaped to brush out 1 

probe liner and nozzle. 

3.2.2 Glass Wash Bottles--Two. 

3.2.3 Glass Sample Storage Containers. Chemically resistant, boro 

silicate glass bottles, for 0.1 N HNÔ  impinger and probe solutions and washi 

1000 ml. Screw cap liners shall be either rubber-backed Teflon or constructe' 
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so as to be leak-free and resistant to chemical attack by 0,1 N HNÔ. 

(Narrow mouth glass bottles have been found to be less prone to leakage.) 

3.2.4 Petri Dishes. For filter samples, glass or polyethylene, 

unless otherwise specified by the Administrator. 

3.2.5 Graduated Cylinder and/or Balance. To measure condensed water 

to within 2 ml or 1 g. The graduated cylinder shall have a minimum capacity of 

500 ml, and subdivisions no greater than 5 ml. Most laboratory balances are 

capable of weighing to the'nearest 0.5 g or less. 

3.2.6 Plastic Storage Containers. Air-tight containers to store 

silica gel. 

3.2.7 Funnel and Rubber Policeman. To aid in transfer of silica gel 

to container; not necessary if silica gel is weighed in the field. 

3.2.8 Funnel. Glass, to aid in sample recovery. 

3.3 Analysis. 

3.3.1 Atomic Absorption Spectrophotometer. With lead hollow cathode 

lamp and burner for air/acetylene flame. 

3.3.2 Hot Plate. 

3.3.3 Erlenmeyer Flasks. 125 ml 24/40 I. 

3.3.4 Membrane Filters. Millipore SCWPO 4700 or equivalent. 

3.3.5 Filtering Apparatus. Millipore vacuum filtration unit, or 

equivalent, for use with the above membrane filter. 

3.3.6 Volumetric Flasks, 100 ml, 250 ml. 

4. Reagents 

4.1 Sampling. 

4.1.1 Filters. High purity glass fiber filters, without organic 

binder, exhibiting at least 99.95̂  efficiency {<_O.QS% penetration) on 0.3 
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micron dioctyl phthalate smoke particles. The filter ifficiency test 

shall be conducted in accordance with ASTM Standard Method D 2986-71. Test 

data from the supplier's quality control program are sufficient for this purpo 

Filters shall be Gelman Spectro Grade, or equivalent, with lot assay for Pb. 

Reeve Angel 934 AH and MSA 1106 BH filters have been found to be equivalent. 

4.1.2 Silica Gel. Indicating type, 6 to 16 mesh. If previously 

used, dry at 175°C (350°F) for 2-hr. New silica gel may be used as received. 

Alternatively, other types of desiccants (equivalent or better) may be used, 

subject to the approval of the Administrator. 

4.1.3 Nitric Acid, 0.1 N. Prepared from reagent grade HNÔ  

and deionized, distilled water (Reagent 4.4.1, below). It may be desirable to 

run blanks prior to field use to eliminate a high blank on test samples. Prep 
I • . 

by diluting 6.5 ml of concentrated HNÔ  (69%) to 1 liter with deionized, . 

distilled water. 
' . - - »i 

4.1.4 Crushed Ice. 

4.1.5 Stopcock Grease. HNÔ  insoluble, heat stable, silicone greasi 

This is not necessary if screw-on connectors with Teflon sleeves, or similar, . 

used. Alternatively, other types of stopcock grease may be used, subject to tl 

approval of the Administrator. 

4.2 Pretest Preparation. 

4,2,1 Nitric Acid, 6 N. Prepared from reagent grade HNO3 and deion 

distilled water. Prepare by diluting 390 ml of concentrated KNÔ  (69%) to 1 

liter with deionized, distilled v.'ater. 

4.3 Sample Recovery. 

4.3.1 Nitric Acid, 0.1 N. Same as 4.1.3 above. 

4.4 Analysis. 
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4.4.1 Water. Deionized, distilled to conform to ASTM Specification 

D 1193-74. Type 3. , f 

" 4.4.2 Nitric Acid. Concentrated ACS reagent grade, or "equivalent. 

^ 4.4.3 Nitric Acid, 50% (V/V). Dilute 500 ml of concentrated 

HNO3 to 1 liter with deionized, distilled water. 

4.4.4 Stock Lead Standard Solution (1000 yg Pb ml'̂ ). Dissolve 

0.1598 g of reagent grade Pb (N02)2 in about 60 ml of deionized distilled 

water, add 2 ml concentrated HNÔ, and dilute to 100 ml with dionized, dis­

tilled water. > 

4.4.5 Lead Standards. 

4.4.5.1 Solution Sample Standards. Pipet 0.0, 1.0, 2.0, 3.0, 4.?), 

and 5.0 ml aliquots of the stock lead standard solution (Reagent 4.4.4) into 

250 ml volumetric flasks. Add 5 ml concentrated HNOg to each flask and dilute 

to volume with deionized, distilled water. These working standards ontain 

0.0, 4.0. 8.0, 12.0. 16.0. and 20.0 yg Pb ml'^ respectively. Additional 

standards at other concentrations should be prepared in a similar manner as 

needed. 

4.4.6 Air. Of a quality suitable for atomic absorption analysis. 

4,4.7 
4.4.8 

5. Procedure 

5.1 

Acetylene. Of a quality suitable for atomic absorption analysis. 
Hydrogen peroxide. ACS reagent grade or equivalent, 3% by 
volume. 

Sampling. The complexity of this method is such that, in 

order to obtain reliable results, testers should be trained and experienced 

with the test procedures. 

5.1.1 Pretest Preparation. All the components shall be maintained 

and calibrated according to the procedure described in APTD-0576, unless 
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otherwise specified herein. In addition, prior to testuig, all sample-exposed 

surfaces shall be rinsed, first with 6 N HNOg then withldeionized, distilled 

water. 

Weigh several 200 to 300 g portions of silica gel in air-tight containers 

to the nearest 0.5 g. Record the total weight of the silica gel plus con­

tainer, on each container. As an alternative, the silica gel need not be 

preweighed, but may be weighed directly in its impinger just prior to train 

assembly. 

Check filters visilally against light for irregularities and flaws or pin­

hole leaks. Label the shipping containers (glass or plastic petri dishes) and 

keep the filters in these containers at all times except during sampling and 

analysis.. 

5.1.2 Preliminary Determinations. Select the sampling site and 

the minimum number of sampling points according to Reference Method 1 or as 

specified by the Administrator. Determine the stack pressure, temperature, 

and the range of velocity heads using Reference Method 2; it is recommended 

that a leak-check of the pitot lines (see Method 2, Section 3.1) be performed. 

Determine the moisture content using Reference Method 4 or its alternatives 

for the purpose of making isokinetic sampling rate settings. Determine the 

stack gas dry molecular weight as described̂ in Reference Method 3. 

Select a nozzle size based on the range of velocity heads, such that it 

is not necessary to change the nozzle size in order to maintain isokinetic 

sampling rates. During the run, do not change the nozzle size. Insure that 

the proper differential pressure gauge is chosen for the range of velocity 

heads encountered (see Section 2.2 of Method 2). 

09 
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Select a suitable probe liner and probe length such that all traverse 

points can be sampled. For large stacks, consider sampling from opposite 

isides of the stack to reduce the length of probes. 

^ Select a total sampling time such that (1) the sampling time per point is 

not less than 2 min. (or greater time interval as specified by the Adminis­

trator), and (2) a minimum lead mass of 100 yg is collected in the sample. 

The sampling time and volume will therefore vary from source-to-source. 

It is recommended that the number of minutes sampled at each point be an 

integer or an integer plus one-half minute, in order to avoid timekeeping errors. 

In some circumstances, e.g., batch cycles, it may be'necessary to sample 

for shorter times at the traverse points and to obtain smaller gas sample 

volumes. In these cases, the Administrator's approval must first be obtained. 

5.1.3 Preparation of Collection Train. During preparation and 

assembly of the sampling train, keep all openings where contamination can occur 

covered until just prior to assembly or until sampling is about to begin. 

Place 100 ml of 0.1 HNÔ  in each of the first two impingers, leave the 

third impinger empty, and transfer approximately 200 to 300 yg of preweighed 

silica gel from its container to the fourth impinger. More silica gel may 

be used, but care should be taken to insure that it is not entrained and 

carried out from the impinger during sampling. Place the container in a 

clean place for later use in the sample recovery. Alternatively, the weight 

of the silica gel plus impinger may be determined to the nearest 0.5 g 

and recorded. -

Using tweezers or clean disposable surgical gloves, place a filter in the 

filter holder. Be sure that the filter is properly centered and the gasket 

properly placed, so as to prevent the sample gas stream from circumventing the 
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filter. Checic ̂ -e filter for tears after assembly is completed. 

When glass Tiners are used, install the selected nozfle using a Viton 

A 0-ring when stack temperatures are less than 260°C (500%) and an asbestos 

string gasket xr.e.n temperatures are higher. See APTD-0576 for details. Other 

connecting syst=-:s using either 316 stainless steel or Teflon ferrules may be 

used. When metal liners are used, install the nozzle as above or by a leak-

free direct mechanical connection. Mark the probe with heat resistant tape or 

by some other method to denote the proper distance into the stack or duct for 

each sampling point. .. 
• "I 

Set up the train as in Figure A-1, using (if necessary) a very light coat 

of silicone grease on all ground glass joints, greasing only the outer portion 

(see APTD-0576) to avoid possibility of contamination by the silicone grease. 

Place crushed ice around the impingers. 

5,1.4 Leak-Check Procedures. 

5.1.4.1 Pretest Leak-Check. A pretest leak-check is recommended, but 

not required. If the tester opts to conduct the pretest leak-check, the following 

procedure shall be used. 

After the sampling train has been assembled, turn on and set the filter 

and probe heating systems at the desired operating temperature. Allow time for 

the temperature to stabilize. If a Viton A 0-ring or other leak-free connection 

Is used in assembling the probe nozzle to the probe liner, leak-check the train 

at the sampling site by plugging the nozzle and pulling a 380 mm Hg (15 in. Hg) 

vacuum. 

Note: A lower vacuum may be used, provided that it is not exceeded during 

the test. 

If an asbestos string is used, do not connect the probe to the train during 
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the leak-check. Instead, leak-check the train by first plugging the inlet 

to the filter and pulling a 380 mm Hg (15 in. Hg) vacuum (see note immediately 

âbove), then connect the probe to the train and leak-check at about 25 mm Hg 

^(1 in. Hg) vacuum; alternatively, the probe may be leak-checked with the rest 

of 'the s:ampling train, in one step, at 380 mm Hg (15 in. Hg) vacuum. Leakage 

in excess of 4% of the average sampling rate or 0.00057 m̂/min (0.02 ft^ min"̂ ), 

whichever is less, are unacceptable. 

The following leak-check instructions for the sampling train described in 

APTD-0576 and APTD-0581 may.̂be helpful. Start the pump with bypass valve fully 

open and coarse adjust valve completely closed. Partially open the coarse adjust 

valve and slowly close the bypass valve until the desired vacuum is reached. 

Do not reverse direction of bypass valve; this will cause 0.1 N HNÔ  to back 

up into the filter. If the desired vacuum is exceeded, eitljer leak-check at 

this higher vacuum or end the leak check as shown below and start over. 

When the leak-check is completed, first slowly remove the plug from the 

inlet to the probe and immediately turn off the vacuum pump. This prevents the 

O.IN HNÔ  in the impingers from being forced backward and silica gel from being 

entrained backward. 

5.1.4.2 Leak-Checks During Sample Run. If, during the sampling run, a 

component (e.g., filter assembly or impinger) change becomes necessary, a leak-

check shall be conducted Immediately before the change is made. The leak-check 

Shall be done according to the procedure outlined in Section 5.1.4.1 above, 

except that it shall be done at a vacuum equal to or greater than the maximum 

value recorded up to that point in the test. If the leakage rate is found to 
3 3 - 1 

be no greater than 0.00057 m /min (0.02 f t min" ) or 4% of the average sampling 

rate (whichever i s l e s s ) , the resu l ts are acceptable, and no cor rec t ion w i l l need 
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to be applied to the total volume of dry gas metered; if, however, a higher 

leakage rate is obtained, the tester shall either record the leakage rate and 

plan to correct the sample volume as shown in Section 6.3 of Reference Method 

5, or shall void the sampling run. 

Immediately after component, changes, leak-checks are optional; if such 

leak-checks are done, the procedure outlined in-Section 5.1.4.1 above shall 

be used. 

5.1.4.3 Posttest Leak-Check. A leak-check is mandatory at the conclusic 

of each sampling run. The leak-check shall be done in accordance with the 

procedures outlined iii* Section 5.1.4.1, except that, it shall be conducted at a 

vacuum equal to or greater than the maximum value reached during the sampling 

run. If the leakage rate is found to be no greater than 0.00057 m /min (0.02 

ft ) or 4% of the average sampling rate (whichever is less), the results are 

acceptable, and no correction need be applied to the total volume of dry gas 

metered. However, if a higher leakage rate is obtained, the tester shall 

either record the leakage rate and correct the sample volume as shown in 

Section 6,3 of Method 5, or shall void the sampling run, 

5,1.5 Sampling Train Operation. During the sampling run, maintain an 

isokinetic sampling rate (within 10% of true isokinetic unless otherwise 

specified by the Administrator). 

For each run, record the data required on a data sheet such as the one 

shown in EPA Method 5, Figure 5-2. Be sure to record the initial dry gas meter 

reading. Record the dry gas meter readings at the beginning and end of each 

sampling time Increment, when changes in flow rates are-made, before and after 

each leak-check, and when sampling is halted. Take other readings required 

by Figure 5-2 of Method 5 at least once at each sample point during each time 

Q6 
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increment and additional readings when significant changes (2Q% variation 

iji velocity head readings) necessitate additional adjustments in flow rate. 

Ijvel and zero the manometer. Because the manometer level and zero may drift 

due to vibrations and temperature changes, make periodic checks during the 

traverse. 

Clean the portholes prior to the test run to minimize the chance of 

sampling deposited material. To begin sampling, remove the nozzle cap, verify 

that the filter and probe are at proper temperature, and that the Pitot tube 

and probe are properly positioned. Position the nozzle at.the first traverse 

point with the tip pointing directly into the gas stream. Immediately start 

the pump and adjust the flow to isokinetic conditions. Nomographs are available, 

which aid in the rapid adjustment of the isokinetic sampling rate without excessive 

computations. These nomographs are designed for use when the Type S Pitot tube 

coefficient is 0.85 + 0.02, and the stack gas equivalent density (dry molecular 

weight) is equal to 29 + 4. APTD-0576 details the procedure for using the nomo­

graphs. If Cp and are outside the above stated ranges, do not use the nomo­

graphs unless appropriate steps (Shigehara, 1974) are taken to compensate for 

the deviations. 

When the stack is under significant negative pressure (>̂ a water column 

the height of the impinger stem), take care to close the coarse adjust valve 

before inserting the probe into the stack to prevent 0.1 N HNÔ  from backing 

into the filter. If necessary, the pump may be turned on with the coarse 

adjust valve closed. 

When the probe is in position, block off the openings around the probe and 

porthole to prevent dilution of the gas stream. 

Traverse the stack cross-section, as required by Reference Method 1 or as 
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specified by the Administrator, without bumping the probe nozzle into the 

stack walls when sampling near the walls or when removing or inserting the 

probe through the portholes. -

During the test run, add ice and, if necessary, salt to the ice bath, t 

maintain a temperature of less than 20°C (68°F) at the impinger/silica gel 

outlet. Also, periodically check the level and zero of the manometer. 

A single train shall be used for the entire sample run, except in cases 

where simultaneous sampling is required in two or more separate ducts or at 

two or more different locations within the same duct, or, in cases where 

equipment failure necessitates a change of trains. In all other situations, 

the use of two or more trains will be subject to the approval.of the Adminis 

Note that when two or more trains are used, separate analyses of the sai 

fractions from each train shall be performed, unless otherwise specified by • 

Administrator. Consult with the Administrator for details concerning the ca 

1atlon of results when two or more trains are used. 

At the end of the sample run, turn off the coarse adjust valve, remove 1 

probe and nozzle from the stack, turn off the pump, record the final dry gas 

meter reading, and conduct a post-test leak-check, as outlined in Section 5.1 

Also, leak-check the Pitot lines as described in Method 2, Section 3.1; the 1 

must pass this leak-check in order to validate the velocity head data. 

5,1,6 Calculation of Percent Isokinetic. Calculate percent isokir 

(see Section 6.11 of Method 5) to determine whether the run was valid or anot 

test run should be made. If there was difficulty in maintaining isokinetic r 

due to source conditions, consult with the Administrator for possible varianc 

on the isokinetic rates. 

5.2 Sample Recovery. Proper cleanup procedure begins, as soon as 

98 
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probe is removed from the stack at the end of the sampling period. Allow the 

probe to cool. 

When the probe can be safely handled, wipe off all external particulate 
> 

matter near the tip of the probe nozzle and place a cap over it. Do not cap 

off the probe tip tightly while the sampling train is cooling down as this 

would create a vacuum in the filter holder, thus drawing liquid from the 

impingers into the filter. 

Before moving the sample train to the cleanup site, remove the probe from 

the sample train, wipe off the silicone grease, and cap the open outlet of 

the probe. Be careful not to lose any condensate that might be present. Wipe 

off the silicone grease from the glassware inlet where the probe was fastened 

and cap the inlet. Remove the umbilical cord from the last Impinger and cap 

the impinger. Either ground-glass stoppers, plastic caps, or serum caps may 

be used to close these openings. 

Transfer the probe and filter-impinger assembly to the cleanup area. This 

area should be clean and protected from the wind so that the chances of contam­

inating or losing the sample will be minimized. 

Save a portion of the O.IN HNÔ  used for sampling and cleanup as a blank. 

Place 200 ml of this O.IN HNÔ  taken directly from the bottle being used into 

a glass sample container labeled "O.IN HNÔ  blank." 

Inspect the train prior to and during disassembly and note any abnormal 

conditions. Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder and 

place it in its identified petri dish container. If it is r3cessary to fold 

the filter, do so such that the sample-exposed side is inside the fold. Care­

fully transfer to the petri dish any visible sample matter and/or filter fibers 
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that adhere to the filter holder gasket by using a dry Nylon bristle brush 

and/or a sharp-edged blade. Seal the container. 

Container No. 2. Taking care to see that dust wi the outside of the 

probe or other exterior surfaces does not get into the sample, quantitatively 

recover sample matter or any condensate from the probe nozzle, probe fitting, 

probe liner, and front half of the filter holder by washing these components 

with 0.1 N HNOj and placing the wash into a glass or polyethylene container. 

Measure and record (to the nearest ml) the total amount of O.IN HNÔ  used for 

each rinse. Perform the O.IN HNO., rinses as follows: 

Carefully remove the probe nozzle and clean the Inside surface by rinsing 

with O.IN HNÔ  from a wash bottle while brushing with a stainless steel. Nylon-

bristle brush. Brush until the O.IN HNÔ  rinse shows no visible particles, the 

make a final rinse of the inside surface with O.IN HNÔ. 

Brush and rinse with O.IN HNÔ  the inside parts of the Swagelok fitting 
9 

in a similar way until no visible particles remain. 

Rinse the probe liner with O.IN HNÔ  by tilting the probe and squirting 

O.IN HNOj into its upper end, while rotating the probe so that all inside 

surfaces will be rinsed with O.IN HNÔ. Let the O.IN HNÔ  drain from the 

lower end into the sample container. A glass funnel may be used to aid in 

transferring liquid washes to the containe};*. Follow the O.IN HNÔ  rinse with 

a probe brush. Hold the probe in an inclined position, squirt O.IN HNÔ  into 

the upper end of the probe as the probe brush is being pushed with a twisting 

action through the probe; hold a sample container underneath the lower end of 

the probe and catch any O.IN HNÔ  and sample matter that is brushed from the 

probe. Run the brush through the probe three times or more until no visible 

sample matter is carried out with the O.IN HNÔ  and none remains on the probe 

100 
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liner on visual inspection. With stainless steel or other metal probes, run 

the brush through in the above prescribed manner at least six̂ t̂imes, since metal 

?̂ robes have small crevices in which sample matter can be entrapped. Rinse the 

4brush with O.IN HNÔ  and quantitatively collect these washings in the sample 

container. After the brushing make a final O.IN HNO.̂  rinse of the probe as 

described above. 

It is recommended that two people be used to clean the probe to minimize 

loss of sample. Between sampling runs, keep brushes clean and protected from 

contamination. 
' •» 

After insuring that all joints are wiped clean of silicone grease, clean 

the inside of the front half of the filter holder by rubbing the surfaces with 

a Nylon bristle brush and rinsing with O.IN HNÔ. Rinse each surface three 

times or more, if needed, to remove visible sample matter. Make a final rinse 

of the brush and filter holder. After all 0.1 N HNÔ  washings and sample matter 

are collected in the sample container, tighten the lid on the sample container 

so that O.IN HNO3 will not leak out when it is shipped to the laboratory. Mark 

the height of the fluid level to determine whether leakage occurred during 

transport. Label the container to clearly identify its contents. 

Container No. 3. Check the color of the indicating silica gel to determine 

if it has been completely spent and make a notation of its condition. Transfer 

.. the silica gel from the fourth impinger to the original container and seal. A 

" funnel may make it easier to pour the silica gel without spilling. A rubber 

" policeman may be used as an aid in removing the silica gel from the impinger. 

It 1s not necessary to remove the small amount of dust particles that may adhere 

to the walls and are difficult to remove. Since the gain in weight is to be 

used for moisture calculations, do not use any water or other liquids to transfer 

101 



0030257 

the silica gel. If a balance is available in the field, follow the procedure 

for Container No. 3 under "Analysis." 

Container No. 4. Due to the large quantity of liquid involved, the impinge 

solutions are placed together in a separate container. However, they may be com 

bined with the contents of Container No. 2 at the time of analysis in order to 

reduce the number of analyses required. Clean each of the first three impingers 

and connecting glassware in the following manner: 

1. Wipe the impinger ball joints free of silicone grease and cap the joint 

2. Rotate and agifate each impinger, so that the impinger contents might 

serve as a rinse solution. 

3. Transfer the contents of the impingers to a 500 ml graduated cylinder. 

The outlet ball joint cap should be removed and the contents drained through thi: 

opening. The impinger parts (inner and outer tubes) mqst not be separated while 

transferring their contents to the cylinder. ^ 

Measure the liquid volume to within +1 ml. Alternatively, determine 

the weight of the liquid to within +0.5 g by using a balance. The volume 

or weight of liquid present, along with a notation of any color or film observed 

in the impinger catch, is recorded in the log. This information is needed, 

along with the silica gel data, to calculate the stack gas moisture content 

(see Method 5, Figure 5-3). ^ 

4. Transfer the contents of the first three impingers to Container No. 4, 

5. Pour approximately 30 ml of O.IN HNO3 into each of the first three 

impingers and agitate the impingers. Drain the O.IN HNO3 through the outlet 

arm of each impinger into the No, 4 sample container. Repeat this operation 

a second time; inspect the impingers for any abnormal conditions. 

6. Wipe the ball joints of the glassware connecting the impingers free 

102 
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of silicone grease and rinse each piece of glassware twice with O.IN HNÔ; 

this rinse is collected in Container No. 4. (Do not rinse or brush the glass-

fritted filter support.) 

Mark the height of the fluid level to determine whether leakage occurred 

during transport. Label the container to clearly identify its contents. 

Note: In steps 5 and 6 above, the total amount of O.IN HNÔ  used for 

rinsing must be measured and recorded. 

5.3 Analysis 

5.3.1 Container, No. 3. This step may be conducted in the field. 

Weigh the spent silica gel (or silica gel plus impinger) to the nearest 0.5g 

using a balance. 

5.3.2 Lead Sample Preparation and Analysis 

5.3.2.1 Container No. 1. Cut the filter into strips and transfer the 

strips and all loose particulate matter into 125-ml Ehrlenmeyer Flask. Rinse 

the petri dish with 10 ml of 50% nitric acid to insure a quantitative transfer 

and add to the flask. (Note: if the total volume required in Section 5.3.2.3 

will exceed 80 ml. it will be necessary to use a 250-ml Ehrlenmeyer flask in 

place of the 125-ml Ehrlenmeyer flask.) 

5.3.2.2. Containers No. 2 and No. 4, Combine the contents of Containers 

No. 2 and No. 4 and take to dryness on a hot plate. (Note: Prior to analysis, 

the liquid level in Containers No. 2 and/or No. 4 should be checked; confirmation 

as to whether or not leakage occurred during transport should be made on the 

analysis sheet. If a noticeable amount of leakage has occurred, either void 

the sample or take steps, subject to the approval of the Administrator, to 

correct the final results.) 

5.3.2.3 Sample Extraction for Lead. Based on the approximate stack gas 
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particulate concentration and the total volume of stack gas sampled, estimate 

the total weight of sample collected. Now transfer the residue from Containers 

No. 2 and No. 4 to the 125-ml Ehrlenmeyer flask that contains the filter using 

a rubber policeman and 10 ml of 50% (V/V) HNÔ  for every 100 yg of sample 

collected in the train or a minimum of 30 ml of 50% HNÔ, whichever is larger. 

Place the Ehrlenmeyer flask on a hot plate and heat with periodic stirring 

for 30 min. at a temperature just below boiling. If the sample volume falls 

below 15 ml, add more nitric acid. Add 10 ml of 3% H2O2 and continue heating 

for 10 min. Add 50 ml'of hot (80°C) distilled deionized water and heat for 

20 min. Remove flask from heat and allow to cool. Filter the sample through 

a Millipore membrane filter or equivalent and transfer the filtrate to a 250-ml 

volumetric flask. Dilute to volume using distilled, deionized water. 

5.3.2.4 Filter Blank. Determine a filter blank using two filters from 

each lot of filters used in the sampling train. Cut each filter into strips 

and place each filter in a separate 125-ml Ehrlenmeyer flask. Add 15 ml 

of 50% (V/V) HNO3 and treat as described in Section 5.3.2.3 (Extraction for 

Lead)us1ng 10 ml, of 3% H2O2 and 50 ml of hot, distilled, deionized water. 

Filter and dilute to a total volume of 100 ml using distilled, deionized water. 

5.3.2.5 0.1 N Nitric Acid Blank. Take the entire 200 ml of 0.1 N HNO3 to 

dryness on a steam bath, add 15 ml of 50% (V/V) HNÔ, and treat as described 

in Section 5.3.2.3 (Extraction of Lead) using 10 ml of 3% H2O2 and 50 ml of 

hot, distilled, deionized water. Dilute to a total volume of 100 ml using dis­

tilled, deionized water, 

5.3.2.6 Lead Determination. Calibrate the spectrophotometer as describe 

in Section 6.1 and determine the absorbance for each source sample, the filter 

blank and O.IN HNO3 blank. Analyze each sample three times in this manner 
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Make appropriate dilutions, as required, to bring all sample lead con­

centrations into the linear absorbance range of the spectrophotometer. 

~ If the lead concentration of a sample is at the low end of the calibration 

curve and high accuracy is required, the sample can be taken to dryness on a 

hot plate and the residue dissolved in the appropriate volume of water to 

bring it into the optimum range of the calibration curve. 

5.3.2.7 Mandatory Check for Matrix Effects on the Lead Results. The 

analysis for lead by atomic absorption is sensitive to the chemical composition 

and to the physical properties (viscosity, pH) of the sample (matrix effects). 

Since the lead procedure described here will be applied to many different sources, 

it can be anticipated that many different sample matrices will be encountered. 

Thus, it is mandatory that at least one sample from each source be checked using 

the Method of Additions to ascertain that the chemical composition and physical 

properties of the sample did not cause erroneous analytical results. 

Three acceptable "Method of Additions" procedures are described in the 

General Procedure Section of the Perkin Elmer Corporation Manual. If the 

results of the Method of Additions procedure on the source sample do not agree 

within 5% of the value obtained by the conventional atomic absorption analysis, 

then all samples from the source must be reanalyzed using the Method of Additions 

procedure. 
» 

6. Calibration 

Maintain a laboratory log of all calibrations. 

6.1 Sampling Train Calibration. Calibrate the sampling train com­

ponents according to the indicated sections of Method 5 (40 CFR 60 Appendix A): 

probe nozzle (Section 5.1); Pitot tube assemble (Section 5.2); metering system 
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(Section 5.3); probe heater (Section 5.4); temperature gauges (Section 5.5); 

barometer (Section 5.7). Note that the leak-check of the metering system 

(Section 5.6 of Method 5) applies to this method. 

6.2 Spectrophotometer. Measure the absorbance of the standard 

solutions using the instrument settings recommended by the spectrophotometer 

manufacturer. Repeat until good agreement is obtained between replicates. 

Plot the absbrbance (y-axis) versus concentration in yg Pb ml~̂  (x-axis). 
I 

Draw or compute a straight line through the linear portion of the curve. Do 

not force the calibration curve through zero, but if the curve does not pass 

through the origin or at least lie closer to the origin than +0.003 absorbanc 

units, check for incorrectly prepared standards and for curvature in the 

calibration curve. «» .. 

To determine stability of the calibration curve,, run a blank and a standi 

after every five samples and recalibrate, as necessary. 

7. Calibrations' 
7.1 

(Pb), 

''bar 

Nomenclature. 
2 

Stack area, m 

Total yg of lead in the source samples after correcting for al" 

dilutions. 

Barometric, pressure at the sampling site, mm Hg. 

Absolute stack gas pressure, mm Hg. 

Rate of lead emission, g/day. 

Absolute average dry gas meter temperature, K. 

Absolute stack temperature, K. 
Average stack gas velocity, m/sec. 
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Calculate V̂ , the total volume of dry"gas metered (corrected for 

= Total volume of gas sample as measured by the dry gas meter, 
3 

corrected for leakage, m . 

t̂otal ~ sample volume (stack conditions), m . 

Y = Dry gas meter calibration factor. 

AH = Average pressure differential across the orifice meter, mm H2O 

7.2 

leakage, if necessary, as outlined in Section 6.3 of Method 5, 40 CFR 60, 

Appendix A). 

7.3 Calculate the volume of water vapor and the moisture conten̂  
/ 

the stack gas, from data obtained in this testing, use Equations (5.2) ard 

(5.3) of Method 5, 40 CFR 60, Appendix A. 

7.4 

(2-9) of Method 2, 40 CFR 60, Appendix A; use velocity head (AP), temperature, 

pressure, and moisture data from this field test. y 
c/nditions. 

Calculate, v̂ , the average stack gas velocity, using Equation 

7.5 Calculate the total gas sample volume at stack 
,/ 

using the following equation: / 

'total 
m 

AH 
bar 13.6 (A-1) 

/ 

7.6 Total Lead in Source Sample. For each source sample correct the 

average absorbance for the contribution of the filter blank and the 0.1 N HHO3 

blank. Use the calibration curve and this corrected absorbance to determine 

the lead concentration in the sample aspirated into the spectrophotometer. 

Calculate the total lead content in the original source sample (Pb)̂ ; 

correcting for all the dilutions that were made to bring the lead concentration 

of the sample into the linear range of the spectrophotometer. 

7.7 Total Lead Emission, Calculate the total amount of lead emitted 
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from each stack per day by Equation (A-2). This equation is applicable for 

continuous operations. For cyclic operations, use only the time per day each 

stack is in operation The total lead emissions from a source will be the 

summation of results from all stacks. 

R = 
(Pb)̂  v̂ Â  

'total 

86400 seconds/day 

10° yg/g 

{A-2) 

8. \ Isokinetic Variation. Determine the Isokinetic variation in the sampling 

rateVising Equation (5-̂7) of Method 5, 40 CFR 60, Appendix A and the raw data 

from t\is testing. 

8,tv Acceptable Isokinetic Results. The following range sets the 

limit on Acceptable isokinetic sampling results: 

If 90%\< I <_ 100%, the results are acceptable. If the results are low 

in comparison\ith the emission standard and I is beyond the acceptable 

range, or if I i^less than 90%, the Administrator may opt to accept the 

results. Otherwise, reject the results and repeat the test. 

9. Alternate Test Wethods for Inorganic Lead 

9.1 Simulta\ous Determination of Particulate and Lead Emissions, ir.eou 

i t i \ Method 5 as described inMo CFR 60, Appendix A, is an acceptable alternate test 
\ 
\ 

method provided that: (1) N).1N HNO., is used in the impingers; (2) a glass fii 

filter with a low lead background is used; and (3) the entire train contents, 

including the impingers, are treated and analyzed for lead as described in 

Section 5 of this Test Method. 

9.2 Filter located Between Third and Fourth Impinger. Location of 

the filter between the third and fourth impinger is an acceptable alternative 
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method provided that the filter is included in the analysis for lead. 

9.3 In-Stack Filter. Use of an in-stack filter is an acceptable 

alternate method provided that: (1) the in-stack filter is followed by a glass-

lined probe and at least two impingers that each contain 100 ml of O.IN HNÔ; 

and (2) the probe and impinger contents are recovered and analyzed for lead. 
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APPENDIX E 

TYPICAL CALCULATION: MAIN STACK RUN NO. 1 
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cer t i f ied tes t ing laborator ies, inc. 

CTL - ENVIRONMENTAL SERVICES 

TYPICAL CALCULATION MAIN STACK RUN #1 

1) Dry Gas Volume, Standard Conditions 

w I w V n t).-7 Pbar + AH/13-6 Vm (std) = Vm X Y X 17-647 x = I m 

Where Vm (std) = Corrected gas volume 
Vm 
Y 
Pbar 
AH 
Tm 

= Measured gas volume 
= Gas Meter Correction 
= Measured barometric pressure 
= Average pressure d i f f e r e n t i a l , o r i f i c e meter 
= Average gas meter temperature, 

2.5 

R 

Vm (std) = iG.Ok + 
74.285 X l.OQit X 17.6^7 13.6 

69.0 + 460 
65.24 

2) Particulates Collected 

On FiIter 
Probe Wash and Impinger Catch 

Total 

0.0287 g 
0.1794 

0.2081 g 

3) Water Vapor 

Moisture Collected: Impinger No. 1 3-2 grams 
2 2.4 
3 1 .6 
4 16.3 

Total 23-5 grams 

Volume of water vapor (Eng. units): Weight of moisture (grams) x 0.04715 

23.5 x 0.04715 = 1.11 SCF 

4) 

5) 

Moisture Content of Stack Gases 

Moisture Content = 1.11 x 100 = 1.7^ 
1.11 + 65.24 

Molecular Weight of Stack Gases, Dry 

MW = (0.44 X CÔ ) + (0.32 X 0̂ ) + (0.28 X N̂ ) 

(0.44 X 2.0) + (0.32 X 18.6) + (0.28 X 79-4) 
29.1 

2905 EAST CENTURY BLVD. • SOUTH GATE. CALIF. 90280 ' (213) 564-2641 
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6) Molecular Weight of Stack Gases, Wet 

7) 

MW = 29.1 (1 - 0.017) + (18 X 0.017) 

Average Stack Gas Velocity 

Vs = 85.43 X Cp X (Ap avg)* > Is avg 
Ps X Ms 

Where Vs 
Cp 
Ap avg 
Ts avg 
Ps 
Ms 

28.9 

Average ve l o c i t y , ft/sec 
Pitot tube coeffi c i e n t 
Velocity head, in. of water 

o 
Average stack temperature, R 
Abs. stack pressure, in. of Hg 
Molecular weight of stack gases, wet 

Vs = 85.48 X 0.819 X (0.801) 171 + 460 
25.5 X 28.9 

57.97 ft/sec 

8) 

9) 

Isokinetic Sampling 

°/r _ n r \a l ,c Vm S t d 
' i i = 0 . 0 9 4 5 X -r r; —7-; r 

Ps Vs An 0 (1 - Bws) 

Where Ts = Stack gas temperature, °R 
Vm std = Corrected sample volume 
Ps = Abs. stack gas pressure 
Vs = Stack gas velocity ^ 
An = Cross-sectional area of nozzle, f t 
9 = Sampling time, min 
Bws = Moisture in gas steam, vol. fraction 

1̂ = 0.0945 X 
(171 + 460) (65.24) 

25.5 X 57.96 X 0.000341 X 84 X (I-.017) 

Total Gas Volume at Stack Conditions 

= 93.5 % 

^ o t a l = m̂ (std) Y f ^ i ^ 
/ Tstack 
I Pstack 

^ o t a l = 65.24 (1 .004) (.0567) (^^25^^" ^ = 91-5 cubi c feet 

10) Mass Eijiission Rate 
^ / mg Metal Vs As 

^Total 

86400 sec/day 

10 mg/gram 

Pb 
^ (10.8)(57-96) (56.19) / 86400 \ 

91.50 " f ,o3 j 
33220 grams/day 
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APPENDIX F 

STACK TEST DATA SHEETS 



Plant A^/^CO ./^^^-^J^ /^ryfr 
Run Number v / - k' r.rtcj^c r / U / t . 
Location<-^/V^ ;̂  ) ^ ^ ; 
Date _ : ^ ^ ^ i l g ^ Z 2 / 
Operator A ^ T V «-
Sample case number 

CTL - ElWIIOim/l SEf̂ ^ 
2905 E. Century ̂ ^tevard 
South Gate, CA 96280 

Monitor Upit numbery 

Ambient temperature, "F ̂ C -) ̂  
Barometric pressure, , 
in. Hg 
Assumed moisture, % ̂  r'>0 
Heater box setting 
Pitobe tip diameter, \x\(rts^\ .^tj^^'"^ i^*-
Pitobe length, ft. //^r S5, 
Pitobe heater setting 

1>PIN(?R wt. before wt. after 

' #2 
#3-

_ / 2-

FILTER before after ^ LEAK CHECK o 

1 o Post<,^/ CFM(a / / PSIC) 
T 

CO 



Plant M i ^ l ^ S^Prc)^ - ̂  . 
Run Number ~ ̂  ,:}' •-• 
Location ^fi',^^ tf^LJi^^^gHfl)f ̂'-^ 
Date \ <9-^i-7y I S7ht^ 
Operator / t ^ ^ ' = 
Sample case number 

CTL - ENVIROHerAL SEÎICES 
' 2905 Er' CentliVy Boulevard 
' South Gate, CA 9028O 

Monitor Unit number 
i 

Ambient temperature, *F 7 ^ 
Barometri c pressucgj^^ ^ p 
in. Hg ^?-^-rrg^ o;̂$:<̂^ 
Assumed moisture, % ^ 
Heater box setting, T" 
Pitobe tip diameter, in 
Pitobe length, ft. lJ_ 
Pitobe heater setting iter s 

Point 
Clock 
Time 

_1 

z 

Ho 

21^ 

Dry Gas 
Meter 
ft 3 

• 

Pitot, 
in. H,G 

Orifice AH, 
.In. HgO 

Desired 

Z3: 
1^ 
12^ 

Actual 

Dry gas 
temperature, 

op 

IlflNCER wt. before - wt. after^>tH4^n»»a^f»oFIIflEB. 
#1 <r -^.j 5^ ^"FiTrTr'i*'^ 

7^ 

-2^ 

Pump 
Vacuum 
in. Hg 
Gauge 

Sampie 
Case 
Temp­
erature, 

"F 

Impinger 
Temp­

erature, 
•F 

Stack 
'ressure, 
in. Hg 

TO 

4^ 

stack 
Temp­

erature, 
"F 

/7> 

7^ 

before after ^ LEAK CHECK 

#3 -#^;i:r>, 
^-^ mr.-.4/^73 'wm Post 

CFM@ / A 

o 
CO 
CD 

psicro 
(),0f CFMg / j PSIO=̂  ii 



Plant / / 9 ^ ^ C O 
Run Number 3 
Location J ^ " ^ ^ ^ 
Date 9 ' -^^ ' / f f 
Operator 
Sample case nunfber 

CTL - ENVIROrtefTAL SERVICES 

2905 E. Century Boulevard 

South Gate , CA 90280 

Monitor Unit number JZ 

Ambient temperature, °F ^9^<^ 
Barometric pressure, 

^n- Hg M i 
Assumed moisture, % 
Heater box sett ing, ^ 
Pitobe t ip diameter, in . _ 
Pitobe length, f t . / / 
Pitobe heater setting / / 

-> 

u 
t 

ll 

Point 

• V-

Clock 
Time 

Dry Gas 
Meter 

f t 3 

Pitot, 
in. H5O 

aP 

Orifice AH. 
in. HgO 

Dry gas 
temperature, 

"F 
Pump 

Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

*F 

Impinger 
Temp­

erature, 
"F 

Stack 
'ressure, 

in . Hg 

stack 
Temp­

erature, 
"F Point 

• V-

Clock 
Time 

Dry Gas 
Meter 

f t 3 

Pitot, 
in. H5O 

aP 
Desired Actual 

Pump 
Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

*F 

Impinger 
Temp­

erature, 
"F 

Stack 
'ressure, 

in . Hg 

stack 
Temp­

erature, 
"F 

/ ^6^.79. • ^ « //rd . 

3 /r:>c) / />" 
fof ? .3 /^•? ISO ^ / s 2.J / 

; 4r V 

1 .5-? / .6 5 V /7Z) 
^7 / / ) ^ 

tn'l .^.90 
' / ^ / MO 

Q>'IS \ 
L ^ V 3 in': 1 y^o 

J Y / / / / 
A 

Î PINCER wt. before wt. after 

//4 3^ 

FILTER before after ^ lEAK CHECK 
i ^ l t - . 4 y ^ S ~ n . ^ W ^ 2 ^ , ^ . P r e _ f £ ^ C F M @ 

Post ^d-0{ CFM(a 

O 

PSIC^ 
CO 

_PSIC g 



/ 

Plant ^Sftf^CQ -hk&A^. 
Run Number I ' 
Location 2^,,uc^ 3rPlClC 
Date 9 -^^^7/^9 
Operator 

CTL - ENVIRONMENTAL SEPVICES 
2905 E. Ceptury Boulevard 

South G^e, CA 90280 

Ambient temperature, *F _ 
Barometric pressure, 
In. Hg c^5\ ?-< 

Sample case number 
Monitor Unit number 

Assumed moisture, % ^% 
Heater box setting, °F ];?S'0~ 
Pitobe tip diameter, in^ 

IbPINCER 

#1- ^3srz 
[LTER • before after >̂ I£AK CHECK , / / . 

#2 Post (̂̂ '̂ ^ CFM(§ ^ 0 PSiC 
79 

2 -:7 

o 
o 
CO 
o 
ro 
-o 
ro 

/ A T -



Plant /i^f^ytca -/^-^^.r/r/^^r 
Run Number ^ • 
location ^ '^.'/^c ^r?rf,r 
Date 

CTL - ENVIROnerAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

/ A T 

Operator 
Sample case number 
Monitor Unit number" 

Ambient temperature, "F 
Barometric pressure. 

In. Hg 71, 00 
Assumed moisture. 

^ 1 t 
>c/=- v</4^v9 Heater box sett ing. 

— f "^X Pitobe tip diameter, in. 
Pitobe length, ft.<4aiL_i/Z: 
tobe heater setting /•> 

Point 
Clock 
Time 

r 

Dry Gas 
Meter 
ft 3 

Pitot. 
in. H5O 
AP 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

op 
Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
-F 

Impinger 
Temp­

erature, 
"F 

stack 
Vessure, 
in. Hg 

Stack 
Temp­

erature, 
'F Point 

Clock 
Time 

r 

Dry Gas 
Meter 
ft 3 

Pitot. 
in. H5O 
AP 

Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
-F 

Impinger 
Temp­

erature, 
"F 

stack 
Vessure, 
in. Hg 

Stack 
Temp­

erature, 
'F 

UV.^i<^ T 3 9 

/̂ • 
A -7 

/ . Ji 
— f — 

/ MM • -7,,-̂  / 
.•^^ .-' ^ 1 i V/ . ^ ' / / ) 

. <s /, <:̂ r 1 ^ JU 
>. 

• -* •-> > \ 

;,/s-
'J A/C H 

'-y c> c 1 

• /.. < 
^< '̂ // 

T . ^(^ '̂ ^ 
y 

• rf""'- ftp. .J?-? A 

ItPINGER 
#L 
#2~ 

wt. before wt. after FILTER before after ^ I£AK CHECK 

-..n ^ vTost<t>.e/ CFMg fSTC ^ 



Plant fAS^eo - f^iLif^ A»w 
Run Mum be r '\ 
Location ẑ̂ -̂ Sn^/f 
Date /̂>>/*>< 
Operator //"p 
Sample case number J 
Monitor Unit number""^ 

CTL - ENVIRDNTtNTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

F <rz Ambient temperature. 
Barometric pressure, 
in. Hg 2C''C>o 
Assumed moisture, % 
Heater box setting, 
Pitobe tip diameter, in. .2.:r j 
Pitobe length, ft. r>rr̂ .̂ .̂ /̂ 
Pitobe heater setting /•/ 

17 

0 r 

Point 
Clock 
Time 

Dry Gas 
Meter 

ft 3 

Pitot, 
in. H5O 

AP 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

*F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp-
eraturej 

•̂ F 

Impinger 
Temp­

erature, 
''F 

Stack 
Pressure, 

in . ' Hg 

Stack ' 
Temp- 1 

erature, 

T 1 
Point 

Clock 
Time 

Dry Gas 
Meter 

ft 3 

Pitot, 
in. H5O 

AP 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp-
eraturej 

•̂ F 

Impinger 
Temp­

erature, 
''F 

Stack 
Pressure, 

in . ' Hg 

Stack ' 
Temp- 1 

erature, 

T 1 
A / 3 S< 

t 6<7 
1 // • / 3 77 7 i?- . 70 7^ 
f //..̂ <^ 7.2 
Z / / " -•̂  7, / . / 7 ? £^/7^ : 

74'y, 7^/ s. 7^ ;7 V 
. ^< 7<r 

/,7U2 .3< / v.s 76 
7,7 /' ^ ; 7V i ; 

< /,?.7^ - 7 7 
•7cc. 9 o 7 ? s ^ 

. .37 .^^ 
• 

• • • 
7. 

ft''' 
-

before wt. after 

1̂ 7/L-

FILTER 

/ I 
I .J 

before • after I£AK CHE 
^>.//^r .ŷ '̂ p̂̂ g-^3 CFM@ 

Post ^o.^ ^ CFMg 

o 

C O 

ro 



Plant AS/TACo 
Run Number 
Location 
Date & 

Z 
0pe rator /[jD 
Sample case number , 
Monitor Unit number 

7/n ^ CTL - ENVIlOtOnAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 9028O 

z 

^/^^$»A ?.^m</< 
Ambient temperature. 
Barometric pressure, , 
in. Hg ^57/^ 
Assumed moisture, % 
Heater box setting, "F ^ <f^ 
Pitobe tip diameter, in. 
Pitobe length, ft. // 
Pitobe heater setting / / , 

^•7 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

P i to t , 
i n . H9O 

AP 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

''F 
Pump 

Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

i n . Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

P i to t , 
i n . H9O 

AP 
Desired Actual 

Pump 
Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

i n . Hg 

Stack 
Temp­

erature, 
•F 

/ ^ ' / ^ ^ " . Vf^ /A/7) 
<7 
J 37/ ' ' . . ^^ c 

40 } //>7) 
iQJ. ^ / 1' / /(.n 

i ./o ^ 7 9 " ( 7CZ> 
7 77U " \ /&0 

1 K ? 3 ^ *7;2 ) /70 
« 5 7 ^ ^i<r M 76 t) 
£• T/- 'OS ^ - ' ^ / 

il bX / / / , 0 
/7 9": OD. . 0 ^ 70 if fJ ^ ;<^?// . e?<r 7 / \ 7^t> 

7: ^ 7 \ /CO 
J< 9; ; 0 F yj 

7 / o . 10 \ 
n • \ /6n 

^ . 3 ^35-
/7 ,0J> %o 

IhPTNCER 
//I 
#2 

wt. before wt. after 

/O.I 

FIUER before after ^ I£AK CHECK . . '/<̂  
.̂ >̂ . Q.^OZl. ' T n U / , f , i ^ Pre^rt̂ .o/ CFM @ _ J 2 1 _ ^ g 

V Post̂ <g /̂ CFMg PSIG- CO 
o 
ro 
cn 



Plant ^/hUco -Ut^*^ 
Run Number 
Location 
Date 
Operator 
Sample case rii/hiber _ 
Monitor Unit number" 

f 

2 

CTL - ENVHWENTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature, "F , 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, *'F _ 
Pitobe tip diameter, in. 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H5O 

AP ̂  

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

•F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

*F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
"F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H5O 

AP ̂  
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

*F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
"F 

. ^0 
1̂ f'. 3 0 

7f>, 9'. 3^ . /nC » ^ 572 /70 
^ 7 /7d 

./^ 

./03 / -7 /70 
9; so , o 3 / ' 7 

A ̂1 <f '. 5V, 
-h^ ^^./ 90 
?i. /J? :£>o h /^^ 

-/^ 5; 7 
//):/ 7 (i>aO.^/$ A / r 

XT' r7.r<r- ^ / 
/O 1 

.̂<=? • <7b 
<ro 

^ / 9i TO 

IhPINGER 

#2— 
#3— 

wt. before wt. after FHIER 

% 

¥> 

before after I£AK CHECK 
Pre ^O'Ol CFMg 
Post 

r 

CFM@ 

o 
CO 
o 

I«C ro 



m 
Plant dtiMAjtLO' 
Run Number 
Location 
Date 
Operator tL</* 
Sample case rfumber { 
Monitor Unit number ^ 

CTL - ENVIlWENm. SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

3 

Ambient temperature, *F 
Barometric pressure, 
in. Hg ^S7?^ /̂S 
Assumed moisture, % 
Heater box setting, 'F 
Pitobe tip diameter, in. 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H5O 

AP 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

op 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
"F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H5O 

AP 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
"F 

• / / ^" /yrO 
r /o:3/ . 70 kf Hi ^7'-?r5 ^.7€ 3 ' 7SO 

7/^a 
.^3 

/^•^/? .0 <r ?i 77U 
./o % 

/O: i*'^ =5 /Oo 
5P //fd 

/<p; 51̂  /J^o 

Y ItLJ 
A 

• 

> 

IlflNCER 
#1 
#2— 

wt. before wt. after FTLTKR before after I£AK CHECK 
Pre 

Post 

_CFM@ 
CFM (a 

PSIC 

PSIC 

o 
o 
CO 

ro 
-a 



Run Number y 
Plant 

Location 
Date 

CTL - ENVIRONMENTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Operatoi* /^J~D 
Sample case number 
Monitor Unit number" Vaoc, 

f6o 

Ambient temperature, 'F 
Barometric pressure, 
in. Hg 2 y. ?y 
Assumed moisture, % 2_ 
Heater box setting, "F 7 vTS 

^ Pitobe tip diameter, in. o^Tfs^ 
~ Pitobe length, ft. //^r SS 

./r 
Pitobe heater setting / y / 

Point 
Clock 
Time 

Dry Gas ' 
Meter 
ft 3 

Pitot, 
in. H5O 
AP ^ 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

*F 
Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
"F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 
in. Hg 

Stack 
Temp­

erature, 
"F Point 

Clock 
Time 

Dry Gas ' 
Meter 
ft 3 

Pitot, 
in. H5O 
AP ^ 

Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
"F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 
in. Hg 

Stack 
Temp­

erature, 
"F 

^ 3^ / / ^ ^ ' t 
?// ^'(^ 

^{^ ^: 56 • d9 %\ ;7'^<r 
-̂s ;7?<r 

• 
^ -̂ o 

•̂̂̂  
./^\ J7v<7 /^<^ 

• ^ <rc> 7^0 
— 

HP 070 -7 

H cor ^,6 
O.oS' 777) 

OiOf/ /•p-c) 
O.DH ^ 

H ./.Of 0.0^ >?577 ^ / 
V O'O 3 

O./O /^^^' 
O./'O <r'7 

J. 7^^ 0.09 • /SO 

IIPINCER 
#1 

wt. before wt. after 

111.; it 
-7/ 7 

before 
O.'/fZT. 

z 

after A LEAK CHECg 
CFM@ 

Postj^£.£/_CFM@ /^^ 

C D 
O 
CO 
o 
ro 

0 0 



Run Number 
Location 
Date 
Operator . , 
Sample case nrfmber 
Monitor Unit number 

CTL - ENVIRDNfWAL SERVICES 
2905 E. Century Boulevard 

South Gate, CA 9028O 

7 

Ambient temperature, 'F 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, "F _ 
Pitobe tip diameter, in' 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H5O 

AP ^ 

Ori f ice AH. 
i n . HgO 

Dry gas 
temperature, 

•F 
Pump 

Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

In. Hg 

Stack 
Temp­

erature, 
"F Point 

Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H5O 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

In. Hg 

Stack 
Temp­

erature, 
"F 

" / ^ ^ ^ 

7',yD .0^/ 
700 

*^r, ̂  
5'' ^0 L^97.7ofo ^W7) y r i t 7 

^•-^ 
• .0^ 5 ^ 

^.9 /90L 
^ : r^J 

7J .OH >̂  ^ 
H'.dD .0^ ' ̂ . - ^ p ro 

7^ 
/90 

((a A/.'.27 
V : ^ / .09 7 70 

H k> ^ ? 
7 . 3 7 /1 / 90 

// . ^ ^ ^ . ^ , 

#1 
#2 — 
#3 — 

wt. before wt. after FHIER 
#1 

n 
#3 
#4 

before after I£AK CHECK 
Pre 

Post 

_CFM@ 

CFM (a 

PSIC 

PSIC 



Plant 
Run Number 
Location 
Date 
Operator 
Sample case number _ / 
Monitor Unit number 

CTL - ENVIRONWirAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

5 

Ambient temperature, *F 
Barometric pressure, 
in. Hg 
Assumed moisture, X 
Heater box setting, *'F _ 
Pitobe tip diameter, in" 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 
ft 3 

Pitot, 
in. H«0 
AP ^ 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

*F 
Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
•F 

Impinger 
Temp­

erature, 
'F 

stack 
Yessure, 
in. Hg 

stack 
Temp­

erature, 
''F Point 

Clock 
Time 

Dry Gas ' 
Meter 
ft 3 

Pitot, 
in. H«0 
AP ^ Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
•F 

Impinger 
Temp­

erature, 
'F 

stack 
Yessure, 
in. Hg 

stack 
Temp­

erature, 
''F 

/O /.7o 7?o 
9 . oy 

1 '7 7 .nip s-o 

'•^ 
, of ^> 7J^O 

b 5./ 
57^3 Ft ^ ^0 / ^ _ ^ 

7<- • ?b 
•̂̂  V , 0C3 ^!^ Jo 3. 7ro 

1 — 
V 

A 
7 ĵ> ̂ 5T — } , /,..Z ̂'̂•̂  

—e **— 

\ 

I>f>INCER 
//I 

#3~ 

wt. before wt. after FILTER 
#1 
#2 
#3 

before after I£AK CHECK 
Pre 

Post 

_CFM@ 

CFM@ 

PSIC 

PSIC 

o 
CO 
o 
ro 
00 
o 



Plant A i A n / ( i b - / ^ ^ r ^ / ^ ^ ^ r " 
Run Number j 
Location MfA^^f^. 5r?>c^ 

Operator /(jrp 
Sample case number 
Monitor Unit number' 

CTL - ENVIRDWfiffAL SERVICES 
2905 E. Century Boulevard 
South iSate, (A 90280 

Ambient temperature, *F fZ) 
Barometric oressure, 
in. Hg ^c.o7 
Assumed moisture, % T 
Heater box setting, °F ^S~6 
Pitobe tip diameter, in. 
Pitobe length, ft. // ' ^ s 

/L Pitobe heater setting 

Point 
Clock 
Time 

— y 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H.,0 

AP 

Orifice AH. 
in. HgO 

Dry gas 
temperature, 

op 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
••F 

Impinger 
Temp­

erature, 
"F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
'F Point 

Clock 
Time 

— y 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H.,0 

AP 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
••F 

Impinger 
Temp­

erature, 
"F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
'F 

L t/0 • 3:2. P76 ^0 7JO 
J /<? -3% 7:^ 
? /7} •,? k ^ <fO 7^0 

/Vi ' 31 
j o / / 6 

b /O 71 ^, i / / " ^<70 r72 76d 
lyr 

• . / ^ / / " 7&<7 
; Id -̂ fc , fO 

7(7. '7&ff .o<r / ^ ^ 
/Q '^r- ^^iS<r :^^7) 

n 
/ ; ,o< /^^7 
i } .oe 
'% /J'QJi . 0 7 j?<ro 

/ / ; D 
Jri07 ^or ^A . - ?o 

LL -779.03^ /C.O 

9/ Pi^O /^D 

—4- u •' ?k 

^•1 

IM>IN(m wt before wt. after F H O E R before after 

-7* 

LEAK CHECK 
Pre ̂ ^^7 

A : 

Posted 0/ 
_CFM@ 
CFM (a 1^ 

o 
CO 
o 
ro 
00 



-mm 

Run Number ^ $~ " 
Location ho^ I 

JL 

Location 
Date 
Operator 
Sample case numtfer i 
Monitor Unit number J2=_ 

CTL - ENVIRDNWEKTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature. 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, ̂  
Pitobe tip diameter, 
Pitobe length, ft. 

in. 
/ / ' ' 

Pitobe heater setting //^ 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

P i t o t , 
i n . H,0 

AP 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

«»F 
Pump 

Vacuum 
i n . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

era ture , 
•'F 

Stack 
Yessu re , 

i n . Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

P i t o t , 
i n . H,0 

AP 
Desired Actual 

Pump 
Vacuum 
i n . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

era ture , 
•'F 

Stack 
Yessu re , 

i n . Hg 

Stack 
Temp­

erature, 
•F 

• ,OT :?<z> 5-3 76 0 
71 It • ^3 ,05r 

ff ' iTi r 
JJ.:^7 

. A Jj.7S\ 7/hO 
//:^fd 791, 'Di/^ 

• ^ . ^ ^ 
71 .0 g /OO 

H /r>/ 
77; ~rT* 

^0 //'TO / O -3 ^ ^ < t - ^7^ 
^1 ,/J 70/7 s~o /70 
V2 . 7:^ ^ . ^ /62 ^ , ; ? /VO 
}1 7^; cs. .OS A/<r /oO 
V( ; ^ 0 ^ / 7 . /D2^ / y o 

i7:oC(, A 7 /QJZ /ao 
.o<r /O 3 700 

/DJ7 7<aO 
1> IX' \J< lO 67 7 /ol ^'^0 /6 0 

3 

i 

//I 
wt. before wt. after FIUER 

#1 
#2 
#3 

before after I£AK CHECK 
Pre 

Post 

_CFM@ 
CFM (a 

PSIC 

PSIC 



Plant ^ ^ ^ ^ ^ - Z ^ i L ^ 
Run Number 
Location 
Date 
Operator 
Sample case 

7 ^ 

number T 
Monitor Unit number 

CTL - ENVIRDNWNTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

J 

Ambient temperature. 
Barometric pressure, 
in. Hg _^ 

Assumed moisture, % 
Heater box setting, ''F_ 
Pitobe tip diameter, in" 
Pitobe length, ft. / / ^ ~ j y 
Pitobe heater setting 77, 

J7£< 

Point 
Clock 
Time 

Dry Gas -
Meter 

f t 3 

Pitot, 
in. H«0 

AP ^ 

Ori f ice AH, 
i n . HgO 

Dry gas 
temperature, 

op 
Pump 

Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
"F 

stack 
Yessure, 

in . Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas -
Meter 

f t 3 

Pitot, 
in. H«0 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
"F 

stack 
Yessure, 

in . Hg 

Stack 
Temp­

erature, 
•F 

/7<:/H , 7 V SO /OS ^ 0 / ^ O ... 
. /H //o 7^0 

Hi ^ A 6 7 ^ .0^ A / < / 7 ; ^ 77,0 
. 0 : 2 . / . f < /70 

• 
i:;i'7Ko ,nLl /D '^^^^ 

lit • .o<r 1 ^0 
A s : ,Y 

• 
r e 

i 9 i ; /^I Of 
./<r / ^ 

/2M0 /so 

T̂P V ^c/ 7 /7f'7 
1— 

UPINCER 
#1 
#2 — 
f/3 — 

wt. before wt. after FILTER 
#1 
#2 
#3 

before after I£AK CHECK 
Pre 

Post 

CFM (a 

CFM (3 

PSIC 

PSIC 

o 
o 
CO 
o 
ro 
00 
CO 



Q2£jeL. 

Plant / ^ ^ c c - /^ruy-^/^ jt̂ ^ 
Run Number / 
Location //,j<^ 
Date 4 /^ / /74 . 
Operator 5̂ <̂  
Sample case number 
Monitor Unit number 

CTL - ENVIRDMfNTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature. 
Barometric pressure, 
in. Hg ^6^5^ 
Assumed moisture, 1' . ' ^ 
Heater box setting, "F ̂  5 
Pitobe tip diameter, in. ^.y^xf 
Pitobe length, 
Pitobe heater setting 

PSIC 

Post fli^Vi^ M f i ^ " ^ J^PSIC 

o 
CZ3 
CO 
o 
ro 
00 



Plant A* 5'/^^/^ ' / ^ ^ < / y / ^ 7 
Run Number V -
Location 6rH^^y^ ^ r>^^ 
Date ' ) /u / ' / i . 
Operator < ^ 

CTL - ENVIWMNTAL SERVILE 
2905 E. Century Boulevard 
South Gate, CA 90280 

/feir̂ 7>̂ /<' ^^^i/H f /fee 
Ambient temperature, "F 
Barometric pressure, 
in. Hg 
Assumed moisture, % 

Of 

Sample case number _ 
Monitor Unit number' 

2̂  
Heater box setting, "F _ 
Pitobe tip diameter, in" 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas • 
Meter 

ft 3 

Pitot, 
In. HJQ 

AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

op 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

stack 
Temp­

erature, 
'F Point 

Clock 
Time 

Dry Gas • 
Meter 

ft 3 

Pitot, 
In. HJQ 

AP ^ Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

stack 
Temp­

erature, 
'F 

OiOi < . V< z<r^7 /dD 
'It ( ? i ^ ( , /),<'> 

' — T ? " — 

(f^ ^ c 7^7) 
di9(H /^cr 

. r r f * ^ 
-/<. 

—^!— /7o 
iO,n</ I / / ^ 

n /7o 
y ^ 

A ' 7'^ /^O 
A 

-

• 

IM»INfER 
#1 
#2— 
#3— 

wt. before wt. after FILTER 
#1 
#2 
#3 

before after I£AK CHECK 
Pre 

Post 

_CFM@ 

CFM(a 

PSICo 
o 

PSIC CO 
o 
ro 
0 0 



Plant fi^A/lCT) - //jz-w/a^/^ 
Run NuTnber 1- '' 
Location 1^ ^77^ ^ 
Date 57Z771?. 
Ope rator S'^T 
Sample case number _ 
Monitor Unit number' 

^ CTL - ENVIROWefTAL SERVK 
2905 E. Century Boulevard 

South Gate, CA 9028O 

Ambient temperature. 
Barometric pressure, 
in. Hg Z/^.QQ 
Assumed moisture, % 
Heater box setting, "F g-Â^ 
Pitobe tip diameter, in. 

Z/50 .. V'^7 
Pitobe length, ft. 77Ar rr 7^7^) 
Pitobe heater setting / / , 

Point 
Clock 
Time 

• 
Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H«0 

AP 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

''F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
*F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
'F Point 

Clock 
Time 

• 
Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H«0 

AP 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
*F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
'F 

ll,{0/>^ • r . ^C- /yo 
I- 0,0c 

i /7o 
1.0 yyX^ Z/ /77)-

1 /6 / ) r f } /% 
1 /t O.ID - 9D 

c lo nil/ / / ) \ y<^ci 
7 77 p.fn /D y^o 
t /O rz^ 

/A52. 2 ^ / / 7AXO 
0,0^ z zro / / 

A •K •2^ \ 
Atr 74^) 

0.n< ti^o 1 7^<^ 
0,0 C M zw / ^ ^ 

i9 (Ot II ii 7D 75-^ 
U 7), If /7) -̂̂ r r^ yyo 

0.0^ • 2 Y r _ ^/^ 
>% n.o^ 5 W <- \ V7h 

-^4— A ^ 5' \ 7/.^ 

wt. before wt. after A - before after ^ I£AK CHECK 
^ i y ^ : ^ : ^ Z _ tf.i Pre 1̂ 7 CFMg.^Z^PSIC 

X V Post <g>̂ p/ CFM(a / y PSIC 

o 
o 
CO 
o 
ro 
00 



Plant 
Run Number 
Location _ 
Date 

CTL - ENVIUMNTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature, *F 
Barometric pressure, 
in. Hg 

47-
2, 7-

Operator 
Sample case number 
Monitor Unit number' 

Assumed moisture, % 
Heater box netting, 'F _ 
Pitobe tip diameter, in. 
Pitobe length, ft. 
Pitobe heater setting 

Point 

7^ 
2' 

1± 
7V 

21. 

22. 
2J1. 

52-

3iL 

iZ 

Clock 
Time 

2i 

\ 1 

Dry Gas 
Meter 

ft 3 

Pitot, 
in. 

AP 
HgO 

t7.c>l 

L7. 00 
0^ 

Orifice AH, 
in. HgO 

Desired 

i i 
Air 
7.2-
T3r 

2 .,t/? 

TL 

13-

Actual 

Dry gas 
temperature, 

op 

12: 

2.-

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
''F 

2: 

777 
2^ 

Z3D 

226/ 
7 ^ 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

±yo 
liY' 
4^ 

t 
S3^ 

X L 

J2. 

Stack 
Temp­

erature, 
•F 

/(To 

/sF 
1^ 

7^ 
7^7^ 

DPINGER 
#1 
#2— 
#3 — 

wt. before wt. after FILSER 
#1 

% 

before after I£AK CHECK 
Pre 

Post 

_CFM(§ 

CFM@ 

<7st ^•'t 

_PSI& 
psig o 

CO 
o 
ro 
00 



Plant 
Run Number 
Location 
Date 

CTL - ENVIfWBITAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 9O28O 

6p^/^f^ 5/^/7 /T^ 

Operator 
Sample case number _ 
Monitor Unit number' 

Ambient temperature, *F 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, "F _ 
Pitobe tip diameter, in. 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H«0 

AP ^ 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

•F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H«0 

AP ^ Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F 

ID y>./l % ID . r-A U-OO yy./^ 
(- y,D 

V 
1 /:).c?i C7. 2527 r̂  \ /7z> 

rO.^/ ^,rr zip . 0,/)l A.r r ? /ro 
0,D-^ /,-i Vt /-To 

^7 < 1 fy 7.<k' ^('/ 7K?:> 7Y / YD . 
fo.oy' 9't i ^1(77 ^ • ^ - ^ — 771P 

. . . —-
4 

' \ ' 

• 

IlflNCER wt. before wt. after FHIER before after I£AK CHECK 
Pre CFM (a PSIC 

Post CFM@ PSIC 

o 
CO 
o 
ro 
CO 
CXI 



Plant /H/h\Co ^/^Czc^^/^^ 
Run Number 3 
Location ^ r̂tVir̂ rf: f ^ r ^ ^ ", 

Operator 
Sample case number Z-̂  
Monitor Unit number / 

- CU - ENVIRDNffiffAL SERVICES 
^2905 E. Century Boulevard 

South Gate, CA 90280 

\L.rn 7?. is?-5c f 

Ambient temperature, 
Barometric pressure. 

Assumed moisture, % 2.-
Heater box setting, "F z^O 
Pitobe tip diameter, in. )o,9y9 
Pitobe length, ft. 7//r/f^) 
Pitobe heater setting M 

Of 7^ 

Clock 
Dry Gas -
Meter 

Pitot, 
in. H«0 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

•F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

F̂ 

Impinger 
Temp­

erature, 
*F 

stack 
Yessure, 

stack 
Temp­

erature, 
•F Point Time ft 3 AP 

Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

F̂ 

Impinger 
Temp­

erature, 
*F 

in. Hg 

stack 
Temp­

erature, 
•F 

/ ^.78/M <7,0'^ /.•? / o f 37 If^^ ... 
/7.o^ y.o /. 1 /Sd , 

j Yi "f.o -i 7<Z> 7jfZ) 
rr v / } , / o i.y ^/ /o I Co ) 

- ') li- 1/ C\) //? 2Ci> f7 \ /i 0 
If 0, 1/ A / y.z /D 57- /IZ) 

/ w • ly.fy A , / 27-0 1 }v 9.0 AA J Z'H> ! yr7> 
7 diOLt^l /7,/)-\ /.-? r j 

<r Z,Z. r •i't I f l Ol o<r lo \ / ilD 
n az OiO/, l \ lip 76-Z. 

09 d.o c -z -5 T/ / 

• •/ 
ol y>,n 7 (7 2<V yc^ 

's' 0^ (P.i/ iy y/j LsO i<y /i7) 
V- lo 0.1 z /o 707 'b<7 yft 
'7 f.77. 7£0 ^7 /ro 

0,0^/ \7 /rz> 
7 2^ 6.0'^ -7£/> >? / f o 

FILIER 
is^ll 

before 

aio9o^ 
after ^ I£AK CHECK 

X ^ Post^*''̂ / 

_CFM@ 

CFM@ 

PSIC 

/ ? PSIC 

7-̂ ' / / 

o 
CO 
o 
ro 
CO 
CO 



Plant 
Run Number 
Location _ 
Date 
Operator 
Sample case number 
Monitor Unit number' 

CTL - ENViraWfiffAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 9028O 

Ambient temperature, "F 
Barometric pressure, ^ ^ 
in. Hg 
Assumed moisture, % 
Heater box setting, *'F 
Pitobe tip diameter. In. 
Pitobe length, ft. 
Pitobe heater setting ^ 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H9O 

AP ^ 

Orifice AH, 
In. HgO 

Dry gas 
temperature, 

•F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
op 

Impinger 
Temp­

erature, 
•*F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H9O 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
op 

Impinger 
Temp­

erature, 
•*F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F 

%^ 
• ypi/n 7,7 Z6o ¥Q 

e/ 7^ A? 7̂ -5 / 7 r ZCo VI _ 
^z. (9tO/^ 7 IC< y3 /ro 

/b./O 10 /n vy /<-y) 
- Z'l 0. II li /o z?o /ro 

zr' y?.oi 7V H '/z 
• OiOi •70 3 7Ce> /iTij 

C?,OZ 1,1 7D V-L 
/,7 To r V/ /s-o 

M . /5?.©r 2.Y ?/ I 2^o y/ 
/o,or t . . . . d ZH< / f o 

d 0 Zir 
(7\^ 10,11 /n 7io 5Z> 7^ 

laiir y)./)i /?i5'5' 7e> ? 242? V̂ J /'/b/m 
9̂ 

rr /.-? y-^ r IS /Yr) 
?̂  7^.0/, • -vn z i f 3S jyz> 

l0,/7l V- —f— ftt? 19 /TO 

— n •7 
IlflNCER 

n~ 
#3— 

wt. before wt. after FHIER 
#1 

m 

before after LEAK CHECK 
Pre 

Post 

_CFM@ 

CFM(a 

PSIC 

PSIC 
o 
CO 
CO 
o 
ro 
t o 



Plant 
Run Number 
Location _ 
Date 
Operator . 
Sample case number 
Monitor Unit number' 

cn. - ENVIROfteiTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature, 'F 
Barometric pressure, 
in. Hg 
Assumed moisture. %, 
Heater box setting, ̂  
Pitobe tip diameter, 
Pitobe length, ft. 
Pitobe heater setting 

in. 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H9O 

AP ^ 

Orifice AH. 
in. HgO 

Dry gas 
temperature, 

op 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•»F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

i n . Hg 

stack 
Temp­

erature, 
'F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H9O 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•»F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

i n . Hg 

stack 
Temp­

erature, 
'F 

, ^ ^z'i • 3 Zbh y5' /Ik) 
* 11 6>,/0 f,7. 77 7.-TO VY 7^D 

w /p.'yz /r?y.yjof ^e>/7or y% Zt< 170 
Yf/ <ro.»# r 0 7^ 0 Zxr' vY 

- '/6 y?,o/ 3̂ % JYn 
' / / • '^V Z > Ztr 

yjtoc 7r (. /ro yi o.oi- Zio 
9? <'/ >r n fi /\.o</ ZyO 

^/USi -— 

h -k' >̂  — ^ 

I»IN(ER 

/a 
#2— 
#3— 

wt. before wt. after FIUER 
#1 
#2 
#3 

before after I£AK CHECK 
Pre 

Post 

CFM (a 

CFM@ 

PSIC 
PSIC 

)i*^i-/./5^' 
li/l^^'n 1 

o 
ro 
CO 



Plant As/mco -
Run Number ^ 
Location . ^ . ^ , 1 ^ l a s s : 
Date 
Operator 1 ^ 

CIL - ENVIRDMfKTAL SERVICES 
2905 E. Century Boulevard 

South Gate, CA 90280 

Sample case number 2. 
Monitor Unit number l_ 

/yAi> 

Ambient temperature, "F /̂ *̂̂ 3 
Barometric pressure, 
in. Hg ^ ^ ^ ^ 
Assumed moisture, % 2-

l£d!7L 

JJjjarr pryi^ /^.^7/ 

Heater box setting, fA 
Pitobe tip diameter, in. <9.yyr 
Pitobe length, ft. Z//}^Vs: IP^) 
Pitobe heater setting ji/.-

Clock 
Time Point 

Dry Gas 
Meter 

ft 3 

Pitot, 
in. 

AP 
HgO 

Orifice AH, 
In. HgO 

Dry gas 
temperature. 

Desired 

V/ 
17,01 
0.01 

J2J2X 

Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 

•F 

Impinger 
Temp­

erature, 

stack 
Yessure, 
in. Hg 

stack 
Temp­

erature, 
•F 

JlSL. 

Z^ 90 

90 yy 
*/-L <Od>e>'t "253' 

01 

rr 

2>f? 

ZCe> 
"Mr 

Z70 

f 22 
44% 222 2 S 

i Z 

IS JO. 

t I 3» I -z-'/ 

IFPINCER wt. before wt. after 

s 
FIUER before after 

l!*i3 ^.yi:>^7 £7^/121 

LEAK CHECK , 
Vre^O/d/ CFM @ / A 

Post_^£/_CFM(a / / ^ 

PSIC 

PSIC 

o 
o 
CO 
o 
ro 
CO 

ro 



Plant 
Run Number 
Location ^ 
Date 
Operator 
Sample case number 
Monitor Unit number' 

CTL - ENVIRONffiKTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 9028O 

Ambient temperature, "F ̂  
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, 'F 
Pitobe tip diameter, in. 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H«0 

AP 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

op 
Pump 

Vacuum 
i n . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•»F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessu re , 

i n . Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H«0 

AP 
Desired Actual 

Pump 
Vacuum 
i n . Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•»F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessu re , 

i n . Hg 

Stack 
Temp­

erature, 
•F 

?9 /pf • y>.^')- /oo 4 . -
2:y UI y 7 7 

/-/ /fit 'ft'T fin 7C ? ^ in 

• ̂  
o.oi lol y ? /^^ 

li y.9<^ C?,ID n yi<^ 
75 0,// It, Jo v?^ 

7 Z7t> y y /?>~ 
9,<r yj y?> _ 

20 (7.rty 7 7^ 

c /rv 
/).oL 1,1 } 2LC 

' n I^.O'k- ^/.<' /»o f-
9'Z9 i'V..V'r <l</ y'y> 9^' 
f r.9 / ' / li VZo 

r/ A / ; /o /7A 

II i< e/iO'k H 7. y?^ 

C 2 53 /7r^ 
If T? s iX- 7 7 5 - o 

o 
CO 

PSIC ro 
CD 

PSIC OJ 

#1 

#3— 

wt. before wt. after FILIER 
#1 

before after LEAK CHECK 
Pre _CFM(a\ 

Post CFM@ 



Plant 
Run Number 
Location 
Date 
Operator 
Sample case number 
Monitor Unit number" 

CTL - ENVIRONHEHTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature. 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, "F _ 
Pitobe tip diameter, in. 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H,0 

AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

'•F 
Pump 

Vacuum 
In. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

*F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
"F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H,0 

AP ^ 
Desired Actual 

Pump 
Vacuum 
In. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

*F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
"F 

'-n • o.oy 2 , ^ Z(0 ^/ y 7̂  -
O.or r /1> 

IT! 
t /dt 1) 7 /»o 

y/ 77,11 <̂ /n 
< i\ n,n /D z-^o ys' / 
t •?< • lO.lf u / /?. r r_ 

V-
•r o.rfj f.o ¥ Il 

r r_ 
V-z ia 77^ 

r r_ 
V-1 ^/ 77. ID y z?? id r li 

Hi -

-

XIPINCER 

y/3— 

wt. before wt. after FIUER 
#1 

m 

before after I£AK CHECK 
Pre 

Post 

CFM (3 

CFM@ 

PSIC 

PSIC 

o 
o 
CO 
o 
ro 
CO 
iCib 



Plant /h'yhv:c • / ^ IOWA /^>»^7^ 
Run Number / 
Location Lt^tia/i A r̂-f̂ ^̂ -̂ r̂rcr 3 
Date ^/e^/9f 
" A77 Operator /«72P 
Sample case number _ 
Ftonitor Unit number' 

7 " 

CTL - ENVlRDNMENtAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature, *F 
Barometric pressure, 
in. Hg "Z^r^ -3—r-Assumed moisture, % 
Heater box. setting, ^F ~ 
Pitobe tip diameter, in. , ̂ /s" 
Pitobe length, ft. /yFrp. 

Point 
Clock 
Time 

Dry Gas 
Meter 
ft 3 

Pitot, 
in. H9O 
AP ^ 
,0t^ 

Orifice AH, 
in. HgO 

Desired Actual 

Dry gas 
temperature, 

op 

IE 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F 

TJo .51 ^^O 
11-1^ 
II UP-

.0 

IS 
SI. 2^ 22 

//•lu 

2L 
yyjy£_ 7 /w 

.272. 

//• 
1/7^ j03_ 

7^<r 
-2^ 

Wi7S. 
.51 

^ ^ / 7 7 ^ 
//W7 • 07 

r 790 
-p- 11-5 .0^ l./D 
JJL z 4X //'. ^ £2 7-6r 

IWINCER 
#1 
#2— 
#3— 

wt. before 

'9 ̂ 9, <-

wt. after ĵefore after I£AK CHECK , 
' a ^ m Pre_£fli_CFM@ 

> POst^ "ĝ / CFM (a 

•-Pile 

7S' 
o 
o 
CO 
o 
ro 
CO 
cn 



Run* Number / - 2005 E. Century Boulevard 
Location %t̂ [\tM^ ^3 
Date 9 -c?̂^ -7f * 
Operator 

South Gatd, CA 90280 

Ambient temperature, *F _ 
Barometric pressure, 

Assumed moisture, % ^ 

Sample case number 
Monitor Unit number" 5 

Heater box setting, *'F j?ycf 

7ox. e>, 

Co 
» 2a 

Pitobe tip diameter, in. ,y/r^ 
Pitobe length, ft. //^/ 
Pitobe heater setting j / / 

? 
o 

T 

3 

V 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H9O 

AP 

Orifice AH, 
in. HgO 

-rr—i 
Dry gas 

temperature, 
op 

Pump 
Vacuum 
in. Hg 
Gauge 

Sampl e 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H9O 

AP 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sampl e 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

stack 
Temp­

erature, 
•F 

^0 i:7:oO ,0^ yoT 7J'<o 
I7i:d;7 ^^^•7d ' 1 'TO 7if^ 

. 0^ 7/0 f \ s'a 76^0 
•07 ^^<~ 

is-.oi fd. f » y^s-o 
/^ .7 / ^^.h/r" 7/q /^o 

.05 /.y<. ' 1 

'C y.i^ y?o 
/2 '.7^ //V ' ( <3yo 5-7 
(2 ZIJ .03 ^ya 

5P py/^ 
.oG w 

•^^^ 
37 l2: ^2. , <5 6 ?o /90 
73 /7 ''>^ y477.77'/ •0/ O i ' ^ /^o 
/ y M ^yo 

/ ^ • ^ y. /o . ^y ^ t /eo 
3̂ . ^ ^y y^d 
37 

J?:^9 lO-r a. 7<>' 

ItflNGER 
#1 

wt. before wt. after 
5gc StuJ-7^1 

FnHER before after 
#1 6hf.f ̂ 7 

I£AK CHECK 
Pre 

Post 

PSIC o 
PSIC ̂  

ro 
CO 



Plant _ 
Run Number 
Location "J^/t^i 
Date 

ENVKWENTAL SERVICES 
7 2905 E. Century Boulevard 

South Gate, CA 90280 

m'bef 
Operator 
Sample case nunit 
Monitor Unit number' 

/7̂ <? 

Ambient temperature, 
Barometric pressure, , 
in. Hg ̂ r . f r 
Assumed moisture, % _ 5""7<̂  
Heater box setting, °F ̂3'<̂  
Pitobe tip diameter, in. y8S~ 
Pitobe length, ft. 55 
Pitobe heater setting //> 

9 
C 

n 
T 

Point 
Clock 
Time 

Dry Gas 
Meter 
ft 3 

Pitot, 
in. 

Orifice AH, 
in. 

AP 
HgO 

HgO 

Dry gas 
temperature, 

op 

Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
*F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 
in. Hg 

Stack 
Temp­

erature, 
•F 

i A 7.(bO 
S^ 

77^ 01 
01 At. 7 ^ 

5: <̂:>̂  
ZZJ 

mm 
7^75 

t. after FIUER 
#1 

m 

I£AK CHECK 
Pre 

Post 

_CFM@ 

CFM (a 

PSIC o 
o 

PSIC g 
ro 
C O 



Plant A^ABco^ L U , 
Run Number p 
Location /̂ r 
Date 9.-^7-79 

33 Operator 
Sample case number / 
Monitor Unit number <K 

CTL - ENVIRONMENTAL SERVICES 
2905 E. Century tloulevard 

South Gate, CA 90280 

ygta^rr /z.yMPr/^':^i7.c^% 

CA,. ̂  t*>^o 7/<oo^ 9^9srr 

Ambient temperature. 
Barometric pressure, 

in. Hg _ 27^t 00 

'F j> 

Assumed moisture, % z7^ 
Heater box setting, "F ^̂ 73̂  
Pitobe tip diameter. In. />.7'̂ f 
Pitobe length, ft. //̂ >r.s 
Pitobe heater setting Ml. 

Point 
Clock 
Time 

Dry Gas 
Meter 
ft 3 

Pitot, 
in. H«0 
AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

''F 

Desired 

Z2E 
.oy 

77/^ 
,n<r 

1. 7/r^Q 

RlMi 1 
3 

JJL 
71. 17ft 

. 09 
02^ 

if \y/-yr 

Actual 

A2M. 

S5 

ML 
2 S 

ihPiN(m Wt. before FILTER 

Ui 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­
erature, 
"F 

Impinger 
Temp­

erature, 
•F 

Stack 
Yessure, 
in. Hg 

Stack 
Temp­

erature, 
•F 

7 

2i i 
1^ 

m. £5^ 
^ 2 
A70 
7{¥C> 
a',f<7 

7^^> 
7//jk. 

1 222 
2: 

^ysr~ 

CFM (a f J 

?08t^^rO9 CFMg /3 

o 
o 
CO 

PSIC ro 
CO 
00 



Plant i^jjiLAjUir' 
Run Number ' ' 
Location ^ A ^ ^ -^^J 

Operator 
Sample case number 
Monitor Unit number 

CTL - ENVIRDWeTAL SERVICES 
2905 E. Century Boulevard 

South Gate, CA 90280 

n. 

Ambient temperature, "f 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, T 
Pitobe tip diameter, 
Pitobe length, ft. //' ^3 

in. .y/y-

Pitobe heater setting //, 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H«0 

AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

•F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
''F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H«0 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
•F 

Impinger 
Temp­

erature, 
''F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F 

720 /Jl'^OO .o3 7 7/ .^'^ yj^d 
7-1 7^' 00. .03 7. 7/ 97^ 
73. jr/^3?J .OS" y60 
A3 o<r 

^•1/7 .o7 L , 

y/9,5fi I 1 76O 
y ^ / ^ 

J ' l ? ^ ,ox <7iyo 
^: J2 J1 r t 

}7 • rt^ 7. 77 f7<rr) y^T) 
. 0 ^ ;?.'< JLn 

.,7 .0^ 
r)s /^^ 

^ s> T3/t ^J. 7>.s:r ^yo lii^O 
j:oc . 77 c y^n 
3 'O^ .071. A/.^r 
3'.OH . ^ 3 7.77 • 7 ^ 

.77 3'OH, . 0 3 y.7'/ 
61. ^ 1^ rf 

DPDKER 

#2— 
#3— 

wt. before wt. after FnHER 
#1 

before after 

13 

I£AK CHECK 
Pre 

Post 



Plant C^jj^tJusjfi 
Run Number 
Location 
Date 
Operator 
Sample case numWer 
Monitor Unit number" 

noer 

CTL - ENVIRDNftKTAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Ambient temperature, *F , 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, 'F _ 
Pitobe tip diameter, in. 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas • 
Meter 

f t 3 

Pitot, 
in. H5O 

AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

••F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinqef 
Temp­

erature, 
•F 

Stack 
Yessure, 

i n . Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas • 
Meter 

f t 3 

Pitot, 
in. H5O 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinqef 
Temp­

erature, 
•F 

Stack 
Yessure, 

i n . Hg 

Stack 
Temp­

erature, 
•F 

J'JO /Yd 
io .t>? yo / / .// ^/ 

^9 til |ryy.:7fy 7y7.oo<^ 
y^ 3'<7i, .OOT 7-7G 

.0^ / / ^ 9^ ^ y < - 1 7G 
B ; / / T 9^ 77Q 
3-3^ / 7 / /^^ 

9^ 7: ?y OS- 7J'0 
H7 3 3I lOQ, /70 
4y s-s-yM 9.i/ , L 

/ }y<k̂  ' ̂ .9^yi > /'yojy\ 
7 

• 

• CD 
o 
CO 
o 
CO 

o 

IM>IN(ER 

#3— 

Wt. before wt. after FILTER 
#1 
#2 
#3 

before after I£AK CHECK 
Pre 

Post 

_CFM(a 

CFM(a 

PSIC 

PSIC 



Plant P^AA€^ - //</z,r>^/%>^r 
Run Number 5"" 
Location j^f^/^j-^ 'fn^Af ̂  Z 
Date _Ji2ZZHZZ__ZZZir 
Operator_2S 

CTL - ENVIRONMBffAL SERVICES 
2905 E. Century Boulevard 
South Gate, CA 90280 

Sample case number 
Monitor Unit number' z 

-T 
t 
/i//.o 

Ambient temperature, 
Barometric pressure, 
in. Hg UeO^ ^ 
Assumed moisture, % Z 
Heater box setting, ^F Z^'o 

/ 6 f 3 

Pitobe tip diameter, in. o.y^r', 
Pitobe length, ft. / / f r (̂ 5.1 /bs 
Pitobe heater setting / / / 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H«0 

AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

*F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

f t 3 

Pitot, 
in. H«0 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 

Temp­
erature, 

•F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F 

5t,^ 2,2. y,rt y^ 1? /yc -
0,oC 6/ I 33 yyo 

ZC'f ?3 y/o 
lei u-r 3Z /iCL-

ye) /n.di y.r /D ZCo -ic /yn 

L &,lo .̂ -^^ y.^ II hio yyo 

1 "99 • n.c77 10 IQ y'/ yvo 
9/. O.DC 1/ 1 7/^0 /VCL. 

ny.ooH o.^y i.t- I? I 97 yvo /^.DS tP ICO /yo 
fir IP 5' y-f- /ro 

IV /?.o1 L( //a 
01. /?^yf IT 7V zCf) V7 /7<7 

/i- i7y 6,o£, 3 . / 77 yz. yy^ 
/< e>C Ib.aj 5̂  79 lo 2Co y?_ I'/h 

ft.in / / 24o /Vo 
l/:li /^./oy h / Z70 7/0 

^ / y Z70 
n to V/ f 17^ i/ yyo 

IlflNfER 

#2-
y/3 
pt 

wt. before wt aftgr 

OKI 
FILTER before after .A I£AK CHECK 

lk%2̂ ^ O, fofO 0,.9Z^0 f̂ 'O Pre<c?,g'7 CFM(a PSIC 

Post_^£^£/_CFM(a / 7 PSIC 



Plant 
Run Number 
Location _ 
Date 
Operator 
Sample case number 
Monitor Unit number' 

CTL - ENVinONMENTAL SLICES 
2905 E. Century Boulevard 

South Gate, CA 90280 

Ambient temperature, "F 
Barometric pressure, 
in. Hg 
Assumed moisture, % 
Heater box setting, "F _ 
Pitobe tip diameter, in" 
Pitobe length, ft. 
Pitobe heater setting 

Point 
Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H«0 

AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

•F 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
''F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F Point 

Clock 
Time 

Dry Gas ' 
Meter 

ft 3 

Pitot, 
in. H«0 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
''F 

Impinger 
Temp­

erature, 
•F 

stack 
Yessure, 

in. Hg 

Stack 
Temp­

erature, 
•F 

ZD ZZ- • /7.0Z A/ Z/.t" yy 7y7? 
2/ O.Olt 1.7 1r yy yyo 

n 7).nH 7/ I ZfO y/ yyo 
27 \^ f 2CS~ yyo 

r>.iD II ICo / y o 
2t5.35? 0,02^ /,7 7r Zio 9Z •/yo 

/?.oz. 1,1 7< y 7i< f/t / y o 
0,01 O.'iG !< 7.C0 y?L y^a 

H /./ zy< y^ 
1.7 z^< V/ yyo 

Oto-r 17^ 7< 2 Co 9o /YO 
V /S./i& 5.y 7^' 7 y/ /YO 

0.01 f . l 7̂5 16< /YO 
n:ox. li 7\ V ZCO /vo 

(79 6 1) Ur> y<i! /Yo 
... e?c li <7D lYr> 

S7 o9i r>./73 1.7 ?r r yr lyi) 
/o 10,0^ tCo y y /Zs" 

n IZ^ IP, 0^ - 7 — 7Co yy 

DflNOSR 
#1 n~ 
#3— 

wt. before wt. after FHIER 
#1 

before after I£AK CHECK 
Pre 

Post 

_CFM@ 
CFM (a 

PSIC 

PSIC 

o 
o 
CO 
o 
CO 
o 
ro 



Plant 
Run Number 
Location _ 
Date 
Operator ^ _ 
Sample case number _ 
Monitor Unit number' 

CTL - ENVIlWBrfAL SERVICES 
2905 E. Century Boulevard 

South Gate, CA 90280 

Ambient temperature, *F 
Barometric pressure, 
in. Hg ^ 
Assumed moisture, % 
Heater box setting, 
Pitobe tip diameter, 
Pitobe length, ft. 
Pitobe heater setting 

in. 

r 

Point 
Clock 
Time 

Dry Gas -
Meter 

ft 3 

Pitot, 
in. H<,0 

AP ^ 

Orifice AH, 
in. HgO 

Dry gas 
temperature, 

op 
Pump 

Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
op 

Impinger 
Temp­

erature, 
"F 

stack 
Yessure, 

in. Hg 

stack 
Temp­

erature, 
'F Point 

Clock 
Time 

Dry Gas -
Meter 

ft 3 

Pitot, 
in. H<,0 

AP ^ 
Desired Actual 

Pump 
Vacuum 
in. Hg 
Gauge 

Sample 
Case 
Temp­

erature, 
op 

Impinger 
Temp­

erature, 
"F 

stack 
Yessure, 

in. Hg 

stack 
Temp­

erature, 
'F 

^7 H Oio7 Z.9 77 7 Zfh" 9^ lYo 
Yo 11. ff.o9 f.l /o yycL-. 
' / / \i:zc m.iii o.o o o t<o IS7> y/o 
vt £?.o n o 2^ 
Y5 O.ol y>.^6> 2TD /Yn 
yy It. 

• 
I.I y it'o y? /yo 

y{ H ZP H9 /yo 

K <6 y:/.o'r ? tyo 9'/ /TfL 
ip.oy 1^ Z9r yi" /yd 

77 ; / y7 //o 

ffffo 

IhPINCER 

/a 
wt. before wt. after FniGR 

#1 

m 

before after UEAK CHECK 
Pre 

Post 

_CFM@ 
CFM(a 

PSIC 
PSIC 

o 
CO 
o 
CO 
o 
CO 



0030304 

APPENDIX 6 

BAGHOUSE STACK SAMPLING POINTS 
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0030306 

APPENDIX H 

STACK TEST EQUIPMENT CALIBRATION 
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/^cni\AcA 

.12 /'A^^/J^M'^^ 3^7 /(et^U^in^ 

_ . lt/tl^A< 
(/Z7AV^—C>r/ f^/^^(C 1^272/ 

/^.tTtrs.^^ 

t7/YfT 

Ot3^7S£/^ Ĉ ./7 

AO uy.ii/ 

/7/.Y^>u 

7.237 *cr 



. r: [_-m7.. 
I 

i-M; 
K ; Rockwell International'' f 

Dif50rS,PA 

TEST METER PEREORI/ANCE 
METER •'^I7r T-tt^ 
SyN Jl^±li22l——_ 
cuS'TOMrp IT. r.. P C->, 

! I I 

! t ! I 

[ IT 

' '^7: 
I , I 

• ' CURVE NO. 

I ! : ' 

I I I 

i I 

1 cr.iiTii HED AS TO j 
. YKS;r DATA ! 
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